10/577643 

IAP12 Rec'ct FCT/PTO 0 1 MAY 2006 

DESCRIPTION 

CONDUCTIVE THIN FILM AND THIN FILM TRANSISTOR 

Technical Field 
[0001] 

The present invention relates to a conductive thin film formed by 
orienting nanotu.be or an organic semiconductor compound as well as a thin film 
transistor employing the same as a semiconductor layer. 

Background Art 
[0002] 

A thin film transistor (TFT) for use in flat panel displays and the like 
has a structure wherein source and drain electrodes are disposed on one side of a 
semiconductor layer forming part of the thin film transistor and a gate electrode 
disposed on the other side of the semiconductor layer at a substantially central 
position relative to a channel. 
[0003] 

Usually, a semiconductor layer of a thin film transistor having the 
above -described structure is formed by processing a semiconductor thin film 
formed on a substrate under precise control based on a thin film control process. 
Here, the semiconductor layer of the thin film transistor formed by the thin film 
control process calls for an excellent carrier mobility for a semiconductor device to 
be constructed. Tb this end, conventional thin film transistors preferentially 
employ inorganic semiconductors having excellent levels of carrier mobility such 
as silicon and germanium as semiconductor materials forming such 



semiconductor layers. 
[0004] 

With recent prevalence of mobile information processing terminals 
such as PDA and the like, demands exist for realization of sheet-like or paper-like 
high- definition displays of low prices, microelectronic devices of low prices, and 
like devices, lb meet these demands, realizations of inexpensive flexible 
electrodes and wiring and of flexible miniature thin film transistors of low prices 
are demanded. In forming such inexpensive flexible electrodes and thin film 
transistors or the like, it is required that conductor layers and semiconductor 
layers be imparted with flexibility by inexpensive means. For this reason, 
conductor and semiconductor materials are being sought which can replace the 
aforementioned inorganic semiconductors and which can impart resulting 
conductor and semiconductor layers with flexibility inexpensively. 
[0005] 

In recent years, attention has been focused on electronic functional 
organic materials each comprising such an organic semiconductor compound as 
thiophene, pentacene or the like as a conductor material for forming a conductor 
layer to be used as an electrode, wiring or the like and as a semiconductor 
material for forming a semiconductor layer for use in such a semiconductor device 
as a thin film transistor, an organic electroluminescent device (organic EL) or the 
like. 
[0006] 

Such an electronic functional organic material has a characteristic 
that it can be deposited at room temperature or at a temperature close to room 
temperature. Accordingly, use of such an electronic functional organic material 
makes it possible to form a conductor or semiconductor layer by a low- 



temperature process. For this reason, it is possible to form a conductor or 
semiconductor layer by the use of relatively inexpensive fabrication equipment 
adapted to the low-temperature process without the need to provide expensive 
fabrication equipment adapted to a high-temperature process that is needed when 
using an inorganic semiconductor. In brief, such a conductor or semiconductor 
layer can be formed inexpensively. 
[0007] 

These electronic functional organic materials generally have 
flexibility. Accordingly, the use of such an electronic functional organic material 
for a conductor or semiconductor layer makes it possible to impart the layer with 
flexibility. For this reason, if a conductor or semiconductor layer comprising an 
electronic functional organic material is formed on a flexible plastic substrate or 
resin film, it becomes possible to fabricate an electrode, thin film transistor or the 
like having flexibility easily. Use of such a flexible electrode, flexible thin film 
transistor or the like enables a sheet-like or paper-like display or electronic device 
or the like to be constructed easily. 
[0008] 

Examples of known thin film transistors of the type using an 
electronic functional organic material in a semiconductor layer include one having 
a semiconductor layer comprising oligothiophene which is an organic 
semiconductor compound. The semiconductor layer of this thin film transistor 
comprises an oligothiophene thin film formed by evaporating oligothiophene on a 
substrate or depositing oligothiophene on the substrate by coating the substrate 
with a solution of oligothiophene in an organic solvent. However, since the 
semiconductor layer of this known thin film transistor is formed by mere 
evaporation or deposition of oligothiophene without orientation or alignment, the 



thin film transistor has a far lower carrier mobility at channel than a thin film 
transistor using silicon or the like. The carrier mobility of such a thin film 
transistor having a semiconductor layer formed by mere evaporation or deposition 
of oligothiophene is about 0.001 cm 2 /Vs for example (see patent document 1 for 
example). 
[0009] 

Thus, such a conductor or semiconductor layer comprising an 
electronic functional organic material has a problem that the carrier mobility 
thereof is considerably lower than that of a layer comprising an inorganic 
semiconductor. Specifically the carrier mobility of single -crystalline silicon is 
about 10 3 cm W s, that of polycrystalline silicon about 10 2 cmW s, and that of 
amorphous silicon about 1 cm 2 /Vs, whereas that of a layer comprising such an 
electronic functional organic material as oligothiophene is about 0.001 to about 
0.01 cmWs. 
[0010] 

The carrier mobility of the conductor or semiconductor layer 
comprising an electronic functional organic material is considerably lower than 
that of the layer comprising an inorganic semiconductor because the conductor or 
semiconductor layer formed by mere evaporation or deposition of the electronic 
functional organic material has electronic functional organic material molecules 
therein with their axes positioned disorderly, which impedes smooth charge 
transfer between plural electronic functional organic material molecules, thus 
lowering the electric conductivity of the layer. For this reason, it has been 
difficult for the prior art to use electronic functional organic materials in forming a 
conductor layer for use as an electrode, wiring or the like or in forming a 
semiconductor layer in a semiconductor device such as a thin film transistor, an 
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organic electroluminescent device or the like, particularly, a semiconductor layer 
in a high-definition image display device, a high-speed LSI, or the like. 
[0011] 

In attempt to overcome this difficulty, various studies have 
heretofore been made with a view to improving the carrier mobility of a conductor 
or semiconductor layer comprising an electronic functional organic material. 
[0012] 

For example, a thin film transistor has been reported in which a 
crystalline low-molecular electronic functional organic material comprising 
pentacene or the like is used as an electronic functional organic material to form a 
semiconductor layer in which the low-molecular electronic functional organic 
material is oriented and aligned by an evaporation technique (see non-patent 
document 1 for example). 
[0013] 

In this thin film transistor having the semiconductor layer formed by 
orienting and aligning the low-molecular electronic functional organic material, 
pentacene, which is an organic semiconductor material, is evaporated on a 
substrate to form the semiconductor layer of the thin film transistor. Here, 

o 

pentacene is evaporated at a deposition rate of 1 A/s on the substrate surface in 
which the temperature is room temperature (27°C). This evaporation process 
causes pentacene molecules to be substantially aligned in the direction normal to 
the substrate thereby realizing a thin film phase having poor grain boundary. It 
has been reported that such a structure realized a thin film transistor having a 
semiconductor layer having a carrier mobility of about 0.6 cmWs, which is a 
relatively high value among values of carrier mobility obtained from 
semiconductor layers formed by using electronic functional organic materials. 
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[0014] 

As another art, there has been disclosed a thin film transistor having 
a semiconductor layer comprising an organic semiconductor polymer in which a 
liquid crystalline substituent group is introduced at side chain, wherein the 
skeletal chains of the organic semiconductor polymer are aligned in a 
predetermined direction (see patent document 2 for example). 
[0015] 

In this thin film transistor having the semiconductor layer formed by 
using the organic semiconductor polymer in which a liquid crystalline substituent 
group is introduced at side chain, the semiconductor layer comprises a liquid 
crystalline phase of a polythiophene derivative in which such a liquid crystalline 
substituent group as phenylcyclohexane (PCH)-type substituent is introduced at 
the 2' or 3 -position of thiophene. It has been disclosed that the thin film 
transistor having a carrier mobility at channel of 6x 10" 5 cm 2 /V s was obtained by 
orientation of the backbone chain axis of the thiophene polymer caused by 
orientation of the liquid crystalline substituent group in the liquid crystalline 
phase. 
[0016] 

FIG. 19 is a sectional view schematically showing a sectional 
structure of the thin film transistor according to the aforementioned patent 
document 2. 
[0017] 

As shown in FIG. 19, the thin film transistor 100 according to patent 
document 2 includes an insulating substrate 101 formed with a gate electrode 103, 
and an organic semiconductor film 106 formed over the insulating substrate 101 
with a gate insulator 102 intervening therebetween. Further, between the 



7 



insulating substrate 101 and the organic semiconductor film 106 are formed a 
source electrode 104 and a drain electrode 105 in such a manner as to connect to 
the organic semiconductor film 106 directly. The organic semiconductor film 106 
is formed by a process including- polymerizing a PCH-type liquid crystal 
compound (PCH504) and thiophene by a catalytic polymerization method; 
(hssolving the resulting polymer in a chloroform solvent to exhibit a liquid 
crystalline phase; and coating the upper sides of the gate insulator 102, source 
electrode 104 and drain electrode 105 with the resulting solution to a film 
thickness of 1 jim by a casting method. The organic semiconductor film 106 
extending over the source and drain electrodes 104 and 105 is subjected to a 
treatment for orientation control. In the organic semiconductor film 106, the 
liquid crystalline substituent group introduced in the organic semiconductor 
polymer forming the organic semiconductor film 106 can be oriented parallel with 
a rubbing direction. Since the organic semiconductor film 106 formed is thin, the 
skeletal chains of the organic semiconductor polymer are aligned in a fixed 
direction relative to the liquid crystalline substituent group, or side chain. Stated 
otherwise, in the thin film transistor 100 the direction in which the skeletal chains 
of the organic semiconductor polymer are aligned is controlled by controlling the 
alignment direction of the liquid crystalline substituent groups by an orientation 
treatment. 
[0018] 

In recent years, attention has also been focused on nanotube (NT) 
having a nanostructure, particularly, carbon nanotube (CNT), which is an 
inorganic compound formed from carbon (C) as a semiconductor material for 
forming a conductor or semiconductor layer. 
[0019] 
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In these days, many studies are being made of nanotube (NT) and 
carbon nanotube (CNT) since they exhibit very good electric conductivity and high 
mechanical strength and are very stable chemically and thermally. 
[0020] 

A carbon nanotube has a very small diameter on a nanometer order 
and a length on a micrometer order and hence has a very high aspect ratio. 
Therefore, carbon nanotube is extremely close to an ideal one -dimensional system. 
Such carbon nanotubes include a metallic carbon nanotube having a high electric 
conductivity and a semiconductive carbon nanotube having a band gap in inverse 
proportion to the diameter thereof, which are produced in accordance with the 
diameter and the helical degree which depend upon the symmetry of the 
molecular structure thereof. Usually, carbon nanotube is synthesized as a carbon 
nanotube mixture comprising the metallic carbon nanotube and the 
semiconductive carbon nanotube in proportions of about 1-2 for example. Since 
the metallic carbon nanotube has a high electric conductivity, it is possible to use 
the metallic carbon nanotube as a favorable wiring material or as a conductive 
member for use in devices of microstructure. In using carbon nanotube in a 
semiconductor layer of a thin film transistor, it is required that the 
semiconductive carbon nanotube be used. Such a thin film transistor having a 
semiconductor layer formed by using the semiconductive carbon nanotube can 
obtain a very high carrier mobility at channel of 1000 to 1500 cm 2 /Vs. 
[0021] 

A report has been made of a nanotube -type thin film transistor 
having a semiconductor layer comprising carbon nanotube, wherein the 
semiconductor layer is formed to a thickness of about 1.4 nm by dispersing carbon 
nanotubes each having a diameter of about 1.4 nm at an appropriate dispersion 
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density (see non-patent document 2 for example). 
[0022] 

FIG. 18 is a sectional view schematically showing the construction of 
a thin film transistor having a semiconductor layer comprising carbon nanotubes. 
[0023] 

According to non-patent document 2, a thin film transistor 200 as 
shown in FIG. 18 includes a 150nm -thick gate insulator 202 comprising thermally 
oxidized silicon formed on an upper portion of a p + silicon substrate 201 which 
serves also as a gate electrode, and a 1.4nm -thick semiconductor layer 203 formed 
by dispersing semiconductor-type carbon nanotubes of 1.4 nm diameter on the 
gate insulator 202 at an appropriate dispersion density. Also, a metal such as 
titanium (TO or cobalt (Co) is deposited on the surface of the semiconductor layer 
203 by evaporation and, further, source electrode 204 and drain electrode 205 each 
comprising titanium carbide or cobalt are formed on upper sides of contact 
sections 206 and 207 in contact with the carbon nanotubes. The thin film 
transistor 200 is thus constructed. Such a construction yields a nanotube-type 
thin film transistor having a sufficiently high carrier mobility at channel and 
favorable electrical characteristics. 

Patent Document l: Japanese Patent Laid-Open Publication No. 2000*029403 
Patent Document 2: Japanese Patent Laid-Open Publication No. HEI 09-083040 
Non-patent Document 1" C.D. Dimitrakopoulos and another one, IBM J.RES. & 
DEV. VOL. 45 NO. 1 JAN. 2001 ppl9 

Non-patent Document 2' Phaedon Avouris, Chem. phys. 281, pp.429 445 (2002), 
Fig. 6, "Carbon nanotube electronics" 

Disclosure of Invention 
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Problems to be solved by Invention 
[0024] 

According to the proposition that the aforementioned electronic 
functional organic material is used to form a conductor or semiconductor layer, 
however, the carrier mobility of the semiconductor layer is still lower than that of 
a semiconductor layer formed by using such an inorganic semiconductor as silicon 
due to the degree of orientation of the electronic functional organic material still 
remaining low, though the carrier mobility is somewhat improved as compared 
with a conventional semiconductor layer comprising the electronic functional 
organic material not oriented or aligned. That is, for the electronic functional 
organic material to be used in forming a semiconductor device, wiring or the like, 
it is required that the degree of orientation of the electronic functional organic 
material be further improved with the characteristics of the electronic functional 
organic material maintained to improve the flow characteristics of electrons or 
holes, thereby further improving the carrier mobility of the semiconductor layer or 
the electric conductivity of the conductor layer. In order to provide a conductor or 
semiconductor layer that can find applications in higher-performance and further 
miniaturized semiconductor devices which will be required in near future, the 
degree of orientation of the electronic functional organic material need be further 
improved to further enhance the carrier mobility. 
[0025] 

According to the proposition made by non-patent document 1, in the 
formation of the semiconductor layer, pentacene, which is a low-molecular organic 
semiconductor compound, is evaporated on the substrate so as to be oriented and 
aligned; however, it is actually difficult to obtain pentacene crystal extending over 
a large area. Also, a thin film transistor having a semiconductor layer 
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comprising pentacene crystal close to single crystal formed on a flexible substrate 
involves a problem that the semiconductor layer may be damaged by some 
manner of handling of the thin film transistor, which may result in a defect in the 
semiconductor layer. Further, there arise other problems that: since the vapor 
deposition rate of pentacene in the formation of the semiconductor layer is low, the 
fabrication time is lengthened; and since the evaporation apparatus is expensive, 
the cost of fabricating the thin film transistor is high. 
[0026] 

According to the proposition made by patent document 2, in the 
formation of the semiconductor layer, the liquid crystalline polymer is used 
comprising a polythiophene derivative in which a liquid crystalline substituent 
group is introduced and the backbone chain of the polythiophene derivative is 
oriented by orientation of the liquid crystalline substituent group in the liquid 
crystalline phase. With this proposition, however, the PCH-type liquid crystal 
compound, which does not contribute to charge transfer, is chemically bonded as 
side chain to the polythiophene derivative having a low carrier mobility. For this 
reason, the proposition cannot exert any favorable influence from the view point of 
charge transfer and hence has a difficulty in sufficiently enhancing the carrier 
mobility at channel, though is capable of forming a semiconductor layer in which 
an electronic functional organic material is oriented by a simple and convenient 
method. 
[0027] 

According to the proposition made by non-patent document 2 that 
nanotube is used to form a conductor or semiconductor layer, nanotubes having a 
high value of carrier mobility are used and dispersed at an appropriate dispersion 
density to form the semiconductor layer. With this proposition, however, it is 
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difficult to disperse nanotubes at a constant dispersion density. Further, if a 
semiconductor layer of a very small thin film transistor is to be formed, it is 
difficult to align and fix multiple nanotubes of nanostructure side by side without 
superposing them one upon another from the view point of fabrication process. 
[0028] 

Such a conductor or semiconductor layer formed by dispersing 
nanotubes is poor in flex resistance. For this reason, it is difficult to form a 
conductor or semiconductor layer consisting only of nanotubes on such a flexible 
substrate as a plastic substrate. That is, such a structure makes it difficult to 
form a flexible electrode, a flexible thin film transistor or the like. In this 
connection, if a conductor or semiconductor layer is formed by using a composite- 
type material comprising a mixture of high-mobility nanotube and a flexible 
organic compound, formation of an electrode or thin film transistor which has a 
high value of carrier mobility and is flexible is considered to become possible. 
However, in the formation of such a conductor or semiconductor layer comprising 
the aforementioned composite -type material, mere mixing of the organic 
compound and nanotube causes nanotube molecules of a substantially one- 
dimensional shape to be positioned sparsely in random orientations and hence 
cannot provide for a conductor or semiconductor layer of high carrier mobility 
For example, such a conductor layer comprising the aforementioned composite- 
type material has a low electric conductivity of about 10 Q'kan- 1 . Further, the 
existing orientation treatment means has a difficulty in orienting nanotube 
satisfactorily. 
[0029] 

In brief, even such a structure has a difficulty in improving a 
conductor or semiconductor layer in electric conductivity or carrier mobility 
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because the fill density of nanotube molecules in the mixture and the density of 

electronic contacts between the nanotube molecules are low. 

[0030] 

The present invention has been made in view of the foregoing 
circumstances. Accordingly, it is an object of the present invention to provide an 
inexpensive and flexible conductive thin film which is excellent in carrier mobility 
and electric conductivity and which is formed by highly orienting nanotube or an 
electronic functional organic material by simple and convenient means, as well as 
a thin film transistor employing the same. 

Means for solving Problems 
[0031] 

In order to solve the foregoing problems, molecules of nanotube and 
organic compound having high carrier mobility or electric conductivity need be 
aligned densely and favorably at an improved degree of orientation in a 
predetermined direction by a simple method. By so doing, it becomes possible to 
further improve the fill density of nanotube in a mixture and the density of 
electronic contacts between nanotube molecules thereby to allow electrons or holes 
to flow more smoothly. 
[0032] 

In order to solve the foregoing problems, the present invention 
provides a conductive thin film formed by mixing a first material having electric 
conductivity or semiconductivity and a second material to prepare a mixture and 
orienting the mixture by utilizing liquid crystallinity thereof. 
[0033] 

The conductive thin film is formed by mixing at least nanotube 



14 



comprising at least one of metallic nanotube and semiconductive nanotube and a 
liquid crystalline organic compound together and orienting molecules of the liquid 
crystalline organic compound to cause molecules of the nanotube to be oriented. 
[0034] 

The aforementioned nanotube is carbon nanotube. 

[0035] 

The aforementioned liquid crystalline organic compound is a liquid 
crystalline organic compound having at least one of a nematic liquid crystalline 
phase and a smectic liquid crystalline phase. 
[0036] 

The aforementioned liquid crystalline organic compound is a liquid 
crystalline organic compound having a charge transport function. 
[0037] 

The aforementioned liquid crystalline organic compound is a liquid 
crystalline organic compound having at least 1 6n*electron aromatic rings, m 10n- 
electron aromatic rings or n 14n-electron aromatic rings (wherein 1+m+n = 1 to 45 
and 1 and n are each an integer from 0 to 4). 
[0038] 

The aforementioned liquid crystalline organic compound is a liquid 
crystalline organic compound having at least any one of a 2-phenylnaphthalene 
ring, a biphenyl ring, a benzothiazole ring and a t-thiophene ring and a 
substantially rod-like molecular structure. 
[0039] 

The conductive thin film is formed by mixing at least a non-liquid- 
crystalline organic semiconductor compound and a non-Uquid-crystalline organic 
compound to form a liquid crystalline organic semiconductor mixture and 
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orienting molecules of the liquid crystalline organic semiconductor mixture to 
cause molecules of the organic semiconductor compound to be oriented. 
[0040] 

The aforementioned liquid crystalline organic semiconductor 
mixture is a liquid crystalline organic semiconductor mixture in which the 
aforementioned organic semiconductor compound and the aforementioned organic 
compound are hydrogen-bonded to each other. 
[0041] 

One of the aforementioned organic semiconductor compound and the 
aforementioned organic compound is a compound having at least one element 
selected from nitrogen, oxygen, sulfur and halogen and the element selected is 
hydrogen-bonded to hydrogen. 
[0042] 

The one of the aforementioned organic semiconductor compound and 
the aforementioned organic compound which has at least the aforementioned 
element selected is a compound further having at least one of an unsaturated 
bond and a benzene ring. 

[0043] The aforementioned organic semiconductor compound is a derivative 

comprising an organic semiconductor compound of at least any one of an acene 
type, a phthalocyanine type and a thiophene type. 
[0044] 

The derivative comprising an organic semiconductor compound of 
the aforementioned acene type is a pentacene derivative. 
[0045] 

The derivative comprising an organic semiconductor compound of 
the aforementioned phthalocyanine type is a copper phthalocyanine derivative. 
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[0046] 

The conductive thin film is formed by orienting molecules of the 
aforementioned liquid crystalline organic semiconductor mixture to cause 
molecules of the aforementioned organic semiconductor compound to be oriented 
and then removing the aforementioned organic compound from the 
aforementioned liquid crystalline organic semiconductor mixture. 
[0047] 

The conductive thin film is formed by removing the aforementioned 
organic compound from the aforementioned liquid crystalline organic 
semiconductor mixture by at least one of heating and ultraviolet irradiation. 
[0048] 

The conductive thin film is formed by mixing at least an organic 
semiconductor compound having a first liquid crystalline phase in which 
crystallization temperature allowing crystallization from the liquid crystalline 
phase to occur is not lower than room temperature and an organic compound 
exhibiting a second liquid crystalline phase of a lower orientational order than the 
first liquid crystalline phase within a temperature range that is higher than the 
crystallization temperature of the organic semiconductor compound to form a 
mixed composition and orienting the mixed composition in the second liquid 
crystalline phase exhibited within a predetermined temperature range to cause 
molecules of the organic semiconductor compound to be oriented. 
[0049] 

The aforementioned first liquid crystalline phase is a smectic liquid 
crystalline phase, while the aforementioned second liquid crystalline phase is a 
nematic liquid crystalline phase. 

[0050] The aforementioned organic semiconductor compound is an organic 
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semiconductor compound comprising a low polymer organic semiconductor 

compound. 

[0051] 

The aforementioned mixed composition is a mixed composition 
containing 70 to 98 wt% of the aforementioned organic semiconductor compound. 
[0052] 

The aforementioned mixed composition is a mixed composition 
containing 90 to 95 wt% of the aforementioned organic semiconductor compound. 
[0053] 

The aforementioned organic semiconductor compound is an organic 
semiconductor compound comprising an ohgothiophene derivative. 
[0054] 

The present invention also provides a method of fabricating a 
conductive thin film, comprising* mixing a first material having electric 
conductivity or semiconductivity and a second material to prepare a mixture* and 
orienting the mixture by utilizing liquid crystallinity thereof. 
[0055] 

The method of fabricating a conductive thin film comprises- mixing 
at least nanotube comprising at least one of metallic nanotube and 
semiconductive nanotube and a liquid crystalline organic compound together; and 
orienting molecules of the liquid crystalline organic compound to cause molecules 
of the nanotube to be oriented. 
[0056] 

Carbon nanotube is used as the aforementioned nanotube. 

[0057] 

A liquid crystalline organic compound having at least one of a 
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nematic liquid crystalline phase and a smectic liquid crystalline phase is used as 

the aforementioned liquid crystalline organic compound. 

[0058] 

A liquid crystalline organic compound having a charge transport 
function is used as the aforementioned liquid crystalline organic compound. 
[0059] 

A liquid crystalline organic compound having at least 1 6n-electron 
aromatic rings, m 10n-electron aromatic rings or n 14irelectron aromatic rings 
(wherein 1+m+n = 1 to 4; and 1 and n are each an integer from 0 to 4) is used as 
the aforementioned liquid crystalline organic compound. 
[0060] 

A liquid crystalline organic compound having at least any one of a 2- 
phenylnaphthalene ring, a biphenyl ring, a benzothiazole ring and a t-thiophene 
ring and a substantially rod-like molecular structure is used as the 
aforementioned liquid crystalline organic compound. 
[0061] 

The method of fabricating a conductive thin film comprises* mixing 
at least a non-hquid-crystalline organic semiconductor compound and a non- 
liquid-crystalline organic compound to form a liquid crystalline organic 
semiconductor mixture* and orienting molecules of the liquid crystalline organic 
semiconductor mixture to cause molecules of the organic semiconductor compound 
to be oriented. 
[0062] 

A liquid crystalline organic semiconductor mixture in which the 
aforementioned organic semiconductor compound and the aforementioned organic 
compound are hydrogen-bonded to each other is used as the aforementioned liquid 
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crystalline organic semiconductor mixture. 
[0063] 

A compound having at least one element selected from nitrogen, 
oxygen, sulfur and halogen is used as one of the aforementioned organic 
semiconductor compound and the aforementioned organic compound and the 
element selected is hydrogen-bonded to hydrogen. 
[0064] 

A compound further having one of an unsaturated bond and a 
benzene ring is used as the one of the aforementioned organic semiconductor 
compound and the aforementioned organic compound which has at least the 
aforementioned element selected. 
[0065] 

A derivative comprising an organic semiconductor compound of at 
least any one of an acene type, a phthalocyanine type and a thiophene type is used 
as the aforementioned organic semiconductor compound. 
[0066] 

A pentacene derivative is used as the derivative comprising an 
organic semiconductor compound of the aforementioned acene type. 
[0067] 

A copper phthalocyanine derivative is used as the derivative 
comprising an organic semiconductor compound of the aforementioned 
phthalocyanine type. 
[0068] 

The method of fabricating a conductive thin film comprises- orienting 
molecules of the aforementioned liquid crystalline organic semiconductor mixture 
to cause molecules of the aforementioned organic semiconductor compound to be 
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oriented; and then removing the aforementioned organic compound from the 

aforementioned liquid crystalline organic semiconductor mixture. 

[0069] 

The method of fabricating a conductive thin film comprises removing 
the aforementioned organic compound from the aforementioned liquid crystalline 
organic semiconductor mixture by at least one of heating and ultraviolet 
irradiation. 
[0070] 

The method of fabricating a conductive thin film comprises- mixing 
at least an organic semiconductor compound having a first liquid crystalline phase 
in which crystallization temperature allowing crystallization from the liquid 
crystalline phase to occur is not lower than room temperature and an organic 
compound exhibiting a second liquid crystalline phase of a lower orientational 
order than the first liquid crystalline phase within a temperature range that is 
higher than the crystallization temperature of the organic semiconductor 
compound to form a mixed composition; and orienting the mixed composition in 
the second liquid crystalline phase exhibited within a predetermined temperature 
range to cause molecules of the organic semiconductor compound to be oriented. 
[0071] 

A smectic liquid crystalline phase is used as the aforementioned first 
liquid crystalline phase and a nematic liquid crystalline phase is used as the 
aforementioned second liquid crystalline phase. 
[0072] 

An organic semiconductor compound comprising a low polymer 
organic semiconductor compound is used as the aforementioned organic 
semiconductor compound. 
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[0073] 

A mixed composition containing 70 to 98 wt% of the aforementioned 
organic semiconductor compound is used as the aforementioned mixed 
composition. 
[0074] 

A mixed composition containing 90 to 95 wt% of the aforementioned 
organic semiconductor compound is used as the aforementioned mixed 
composition. 
[0075] 

An organic semiconductor compound comprising an oligothiophene 
derivative is used as the aforementioned organic semiconductor compound. 
[0076] 

The present invention also provides a thin film transistor comprising 
a conductive thin film as recited in claim 1 as a semiconductor layer forming a 
channel layer. 
[0077] 

The aforementioned conductive thin film is a conductive thin film 
formed by mixing at least nanotube comprising at least one of metallic nanotube 
and semiconductive nanotube and a liquid crystalline organic compound together 
and orienting molecules of the liquid crystalline organic compound to cause 
molecules of the nanotube to be oriented. 
[0078] 

The aforementioned conductive thin film is a conductive thin film 
formed by mixing at least a non-Uquid-crystalline organic semiconductor 
compound and a non-hquid-crystalline organic compound to form a liquid 
crystalline organic semiconductor mixture and orienting molecules of the liquid 
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crystalline organic semiconductor mixture to cause molecules of the organic 

semiconductor compound to be oriented. 

[0079] 

The aforementioned conductive thin film is a conductive thin film 
formed by mixing at least an organic semiconductor compound having a first 
liquid crystalline phase in which crystallization temperature allowing 
crystallization from the liquid crystalline phase to occur is not lower than room 
temperature and an organic compound exhibiting a second liquid crystalline 
phase of a lower orientational order than the first liquid cryst allin e phase within a 
temperature range that is higher than the crystallization temperature of the 
organic semiconductor compound to form a mixed composition and orienting the 
mixed composition in the second liquid crystalline phase exhibited within a 
predetermined temperature range to cause molecules of the organic 
semiconductor compound to be oriented. 
[0080] 

The present invention also provides a method of fabricating a thin 
film transistor, comprising a method of fabricating a conductive thin film as 
recited in claim 23 as a method of fabricating a conductive thin film serving as a 
semiconductor layer forming a channel layer. 
[0081] 

The aforementioned method of fabricating a conductive thin film 
comprises the steps of mixing at least nanotube comprising at least one of 
metallic nanotube and semiconductive nanotube and a liquid cryst allin e organic 
compound together; and orienting molecules of the liquid crystalline organic 
compound to cause molecules of the nanotube to be oriented. 
[0082] 
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The aforementioned method of fabricating a conductive thin film 
comprises the steps of mixing at least a non-Hquidxrystalline organic 
semiconductor compound and a non-liquid-crystalline organic compound to form a 
liquid crystalline organic semiconductor mixture; and orienting molecules of the 
liquid crystalline organic semiconductor mixture to cause molecules of the organic 
semiconductor compound to be oriented. 
[0083] 

The aforementioned method of fabricating a conductive thin film 
comprises the steps of mixing at least an organic semiconductor compound 
having a first liquid crystalline phase in which crystallization temperature 
allowing crystallization from the liquid crystalline phase to occur is not lower than 
room temperature and an organic compound exhibiting a second liquid crystalline 
phase of a lower orientational order than the first liquid crystalline phase within a 
temperature range that is higher than the crystallization temperature of the 
organic semiconductor compound to form a mixed composition; and orienting the 
mixed composition in the second liquid crystalline phase exhibited within a 
predetermined temperature range to cause molecules of the organic 
semiconductor compound to be oriented. 
[0084] 

The present invention also provides an image display device 
comprising a conductive thin film as recited in claim 1 as at least one of a 
conductive layer and a semiconductor layer forming a channel layer of a thin film 
transistor. 
[0085] 

The aforementioned conductive thin film is a conductive thin film 
formed by mixing at least nanotube comprising at least one of metallic nanotube 
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and semiconductive nanotube and a liquid crystalline organic compound together 
and orienting molecules of the liquid crystalline organic compound to cause 
molecules of the nanotube to be oriented. 
[0086] 

The aforementioned conductive thin film is a conductive thin film 
formed by mixing at least a non-Kquid-crystalline organic semiconductor 
compound and a non-Uquid-crystalline organic compound to form a liquid 
crystalline organic semiconductor mixture and orienting molecules of the liquid 
crystalline organic semiconductor mixture to cause molecules of the organic 
semiconductor compound to be oriented. 
[0087] 

The aforementioned conductive thin film is a conductive thin film 
formed by mixing at least an organic semiconductor compound having a first 
liquid crystalline phase in which crystallization temperature allowing 
crystallization from the liquid crystalline phase to occur is not lower than room 
temperature and an organic compound exhibiting a second liquid crystalline 
phase of a lower orientational order than the first liquid crystalline phase within a 
temperature range that is higher than the crystallization temperature of the 
organic semiconductor compound to form a mixed composition and orienting the 
mixed composition in the second liquid crystalline phase exhibited within a 
predetermined temperature range to cause molecules of the organic 
semiconductor compound to be oriented. 
[0088] 

The present invention also provides an electronic device comprising 
a conductive thin film as recited in claim 1 as at least one of a conductive layer 
and a semiconductor layer forming a channel layer of a thin film transistor. 
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[0089] 

The aforementioned conductive thin film is a conductive thin film 
formed by mixing at least nanotube comprising at least one of metallic nanotube 
and semiconductive nanotube and a liquid crystalline organic compound together 
and orienting molecules of the liquid crystalline organic compound to cause 
molecules of the nanotube to be oriented. 
[0090] 

The aforementioned conductive thin film is a conductive thin film 
formed by mixing at least a non-Uquid-crystalline organic semiconductor 
compound and a non-hquid-crystaUine organic compound to form a liquid 
crystalline organic semiconductor mixture and orienting molecules of the liquid 
crystalline organic semiconductor mixture to cause molecules of the organic 
semiconductor compound to be oriented. 
[0091] 

The aforementioned conductive thin film is a conductive thin film 
formed by mixing at least an organic semiconductor compound having a first 
liquid crystalline phase in which crystallization temperature allowing 
crystallization from the liquid crystalline phase to occur is not lower than room 
temperature and an organic compound exhibiting a second liquid crystalline 
phase of a lower orientational order than the first liquid crystalline phase within a 
temperature range that is higher than the crystallization temperature of the 
organic semiconductor compound to form a mixed composition and orienting the 
mixed composition in the second liquid crystalline phase exhibited within a 
predetermined temperature range to cause molecules of the organic 
semiconductor compound to be oriented. 
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Advantages of Invention 
[0092] 

The present invention, which is practiced by the above-described 
solution means, is capable of providing an inexpensive and flexible conductive thin 
film having excellent carrier mobility and electric conductivity which is formed by 
highly orienting nanotube or an electronic functional organic material by simple 
and convenient means, as well as a thin film transistor employing such a 
conductive film. 
[0093] 

According to the embodiment wherein the conductive thin film is 
formed by using the composite -type material comprising a mixture of nanotube 
and the liquid crystalline organic compound, since the nanotube is highly oriented 
by utilizing a high degree of orientation of the liquid crystalline organic compound, 
the conductive thin film having excellent carrier mobility and electric conductivity 
and the thin film transistor employing the conductive thin film can be fabricated 
by a simple and convenient method. 
[0094] 

According to the embodiment wherein the conductive thin film is 
formed from the liquid crystalline electronic functional organic material 
comprising the non-fiquid-crystalline electronic functional organic material and 
the non-hquid-crystalline organic compound which are hydrogen-bonded to each 
other, since the liquid crystalline electronic functional organic material is highly 
oriented by utilizing the conventional orientation technique, the conductive thin 
film having excellent carrier mobility and electric conductivity and the thin film 
transistor employing the conductive thin film can be fabricated by a simple and 
convenient method. 
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[0095] 

According to the embodiment wherein the aforementioned liquid 
crystalline electronic functional organic material is used, since the non-liquid- 
crystalline organic compound can be removed by cutting off the hydrogen bond 
after having highly oriented the liquid crystalline electronic functional organic 
material, the conductive thin film exhibiting a sufficiently high carrier mobility 
which inherent to the electronic functional organic material and the thin film 
conductive film employing the conductive thin film can be fabricated by a simple 
and convenient method. 
[0096] 

According to the embodiment wherein the conductive thin film is 
formed from the mixed composition comprising a mixture of the electronic 
functional organic material having the first liquid crystalline phase which has a 
high order at a high temperature or a potentially high order and the organic 
compound exhibiting the second liquid crystalline phase of a low order, since the 
second liquid crystalline phase of a low order is exhibited to cause the electronic 
functional organic material to be oriented in a predetermined direction, the 
conductive thin film having excellent carrier mobility and electric conductivity and 
the thin film transistor employing the conductive thin film can be fabricated by a 
simple and convenient method. 
[0097] 

By practicing the present invention, it becomes possible to provide 
an inexpensive and flexible conductive thin film having excellent carrier mobility 
and electric conductivity as well as a thin film transistor employing such a 
conductive film. Accordingly, it becomes possible to provide a high-performance 
and high-definition image display device of a low price, a microminiature 
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semiconductor circuit, and a microelectronic device. 

Brief Description of Drawings 
[0098] 

[FIG. l] FIG. 1 is a sectional view schematically illustrating a part of a 
process for forming a conductive thin film according to embodiment 1 of the 
present invention. 

[FIG. 2] FIG. 2 is a sectional view schematically illustrating a part of a 
process for forming a composite -type semiconductor layer in which a conductive 
thin film according to embodiment 2 of the present invention is used as a 
semiconductor layer. 

[FIG. 3] FIG. 3 is a sectional view schematically showing the construction of 

a thin film transistor according to embodiment 3 of the present invention. 

[FIG. 4] FIG. 4 is a sectional view schematically showing the construction of 

a bottom-gated thin film transistor having a gate electrode disposed on a 

substrate or on the bottom according to embodiment 3 of the present invention. 

[FIG. 5] FIG. 5 is a diagram schematically illustrating the configuration of 

one exemplary image display device using a semiconductor circuit device 

comprising a thin film transistor according to the present invention. 

[FIG. 6] FIG. 6 is a structural diagram showing the structure of 8-PNP-O4, 

which is a molecular compound of a 2-phenylnaphthalene derivative. 

[FIG. 7] FIG. 7 is a sectional view schematically illustrating a process for 

forming a conductive thin film according to embodiment 4 of the present invention. 

[FIG. 8] FIG. 8 is a sectional view schematically showing the structure of 

another conductive thin film according to embodiment 4 of the present invention. 

[FIG. 9] FIG. 9 is a sectional view schematically showing the construction of 
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a thin film transistor according to embodiment 5 of the present invention. 
[FIG. 10] FIG. 10 is a sectional view schematically illustrating a process for 
fabricating the thin film transistor according to embodiment 5 of the present 
invention. 

[FIG. 11] FIG. 11(a) is a structural diagram showing the structure of an 
organic semiconductor compound material comprising a non-hquid-crystalline 
pentacene derivative; FIG. 11(b) is a structural diagram showing the structure of 
a non-liquid-crystalline organic compound material; FIG. 11(c) is a structural 
diagram showing a state where the pentacene derivative is hydrogen-bonded to a 
benzoic acid derivative; and FIG. 11(d) is a structural diagram showing the 
structure of a liquid crystalline organic semiconductor mixture having a 
supermolecular structure. 

[FIG. 12] FIG. 12 is a sectional view schematically illustrating a process for 
forming a conductive thin film according to embodiment 6 of the present invention. 
[FIG. 13] FIG. 13 is a conceptual diagram showing an exemplary phase 
diagram of a mixed composition comprising an organic semiconductor compound 
and an organic compound according to embodiment 6 of the present invention. 
[FIG. 14] FIG. 14 is a sectional view schematically showing the construction of 
a thin film transistor according to embodiment 7 of the present invention. 
[FIG. 15] FIG. 15 is a sectional view schematically illustrating a process for 
fabricating the thin film transistor according to embodiment 7 of the present 
invention. 

[FIG. 16] FIG. 16 is a structural diagram showing the structure of an 
oligothiophene derivative. 

[FIG. 17] FIG. 17 is a structural diagram showing the structure of an organic 
compound material to be mixed with the oligothiophene derivative; specifically 
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FIGs. 17(a) and 17(b) each show the structure of a cyanobiphenyl-type organic 
compound material and FIG. 17(c) shows the structure of a cyanoterphenyl-type 
(biphenyl-type) organic compound material. 

[FIG. 18] FIG. 18 is a sectional view schematically showing the construction of 
a conventional thin film transistor using carbon nanotube in a semiconductor 
layer. 

[FIG. 19] FIG. 19 is a sectional view schematically showing the construction of 
a conventional thin film transistor in which a semiconductor layer comprises an 
organic semiconductor polymer having a liquid crystalline substituent group 
introduced as side chain. 

Description of Reference Numerals 
[0099] 

I. .. conductive thin film 
2...substrate 

3,4... electrode 

5.. .carbon nanotube 

6...1iquid crystalline organic compound 

7... composite "type compound 

8.. .roll coater 

9... gate insulator 

10.. .semiconductor layer 

II. ..source electrode 
12.. .drain electrode 
13.. .carbon nanotube 

14... composite -type compound 
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15.. .composite-type semiconductor layer 

16.. .liquid crystalline organic semiconductor compound 

17.. .gate electrode 

18a, 18b.. .thin film transistor 

19.. .image display device 

20.. .plastic substrate 

21,22...electrode 

23. . .intersection 

24a, 24b... driver circuit 

25.. .control device 

26... liquid crystalline organic semiconductor compound 

28... conductive thin film 

29.. .conductive thin film 

30...thin film transistor 

31. ..semiconductor layer 

32.. .dropping nozzle 

33.. .mixed composition layer 

34...nematic phase 

35... conductive thin film 

36. . . semiconductor layer 

37... thin film transistor 

38.. .mixed composition layer 

39...nematic phase 

100.. .thin film transistor 

101.. .insulating substrate 

102.. .gate insulator 
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103.. .gate electrode 

104...source electrode 

105.. .drain electrode 

106... organic semiconductor layer 

200... thin film transistor 

201... p + silicon substrate 

202... gate insulator 

203... semiconductor layer 

204.. .source electrode 

205.. .drain electrode 

206,207.. .contact section 

Best Mode for Carrying Out the Invention 
[0100] 

Hereinafter, the best mode for carrying out the present invention will 
be described in detail with reference to the drawings. Throughout the drawings 
to be referred to in the following description, like numerals designate like parts or 
components. In the present invention, the term "conductive thin film" is meant 
to include both a thin film conductor to form an electrode, wiring or the like and a 
thin film semiconductor to form a thin film transistor or an organic 
electroluminescent device. 
[0101] 

(Embodiment 1) 

Embodiments 1 to 3 of the present invention to be described below 
are embodiments each realizing a conductive thin film which is further improved 
in electric conductivity and carrier mobility and which is formed by preparing a 
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composite "type material by mixing carbon nanotube as a conductor or 
semiconductor material and a liquid crystalline organic compound together and 
aligning molecules of the carbon nanotube favorably and densely by utilizing 
favorable orientation of the liquid crystalline organic compound of the composite- 
type material, as well as a thin film transistor employing such a conductive thin 
film. 
[0102] 

FIG. 1 is a sectional view schematically illustrating a part of a 
process for forming a conductive thin film according to embodiment 1 of the 
present invention. 
[0103] 

* 

The conductive thin film 1 shown in FIG. 1 is formed in the following 
manner. In FIG. 1(a), two electrodes 3 and 4 of such a material as gold are 
disposed opposite to each other across a spacing of about 5 pa on a flexible 
substrate 2 comprising a thin glass sheet, a plastic substrate or the like. A 
composite -type compound 7 prepared by mixing metallic carbon nanotube 5 to be 
described later and a liquid crystalline organic compound 6 is coated so as to cover 
the opposite electrodes 3 and 4 and the substrate 2 or cover at least the 
aforementioned spacing, with the liquid crystalline organic compound 6 in the 
composite-type compound 7 kept in an isotropic phase condition. At this time, 
molecules of the metallic carbon nanotube 5 are randomly and sparsely positioned 
among molecules of the liquid crystalline organic compound 6 in the isotropic 
phase, as shown in FIG. 1(a). 
[0104] 

In the present embodiment, the metallic carbon nanotube 5 
comprises, for example, a carbon nanotube having a high electric conductivity of (l 
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to 5)xl0 3 G "km" 1 and a diameter of 1 to 10 nm and a length of 1 to 5 pm. The 
carbon nanotube to be used is not limited to carbon nanotube having the above- 
noted electrical characteristic and shape but may have a shape and an electrical 
characteristic whether within or out of the aforementioned ranges. 
[0105] 

In the present embodiment, the liquid crystalline organic compound 
6 used is 8-PNP-O4, which is a molecular compound of a 2-phenylnaphthalene 
derivative and which has a structure shown in FIG. 6. The molecular compound 
8-PNP-O4 is used in a smectic phase, either SmA phase or SmE phase, among 
liquid crystalline phases thereof. Note that the compound 8-PNPO4 exhibits an 
isotropic phase at a temperature not lower than 129°C, SmA phase at a 
temperature between 125°C and 129°C, and SmE phase at a temperature 
between 55°C and 125°C. 
[0106] 

Subsequently, in the condition shown in FIG. 1(b), the coat of the 
composite-type compound 7 with the liquid crystalline organic compound 6 kept in 
the isotropic phase is gradually cooled to hold the liquid crystalline organic 
compound 6 in SmA or SmE phase. Among smectic phases, the SmA phase and 
the SmE phase each have such a high degree of molecular orientational order as 
can be regarded as a flexible crystal. After coating of the composite -type 
compound 7, the layer of the composite -type compound 7 is applied with a shear 
stress in a substantially fixed direction by means of a roll coater 8 or the like, as 
shown in FIG. 1(b). Then, 8-PNPO4 molecules of the liquid crystalline organic 
compound 6 in SmA or SmE phase as a smectic phase having a high degree of 
molecular orientational order are favorably and homogeneously oriented. Thus, 
along the favorably oriented 8-PNP-O4 molecules, the metallic carbon nanotube 5 
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mixed therewith becomes oriented favorably in the composite -type compound 7. 
In this way, the conductive thin film 1 is formed by such a simple and convenient 
method as to align and orient carbon nanotubes 5 densely in the degree of 
molecular orientational order improved by utilizing the liquid crystallinity of the 
liquid crystalline organic compound 6. Thus, it becomes possible to align the 
molecules of the metallic carbon nantotube 5 in substantially one alignment 
direction. By more densely aligning carbon nanotubes 5 having an improved fill 
density in the mixture, the density of electronic contacts between adjacent 
molecules of the carbon nanotube 5 can be increased. 
[0107] 

According the result of an experiment, the conductive thin film 1, 
which was formed by the above-described method to comprise the composite -type 
compound 7 prepared by mixing the metallic carbon nanotube 5 and the liquid 
crystalline organic compound 6 and have an improved degree of molecular 
orientational order as compared with the prior art, had a very high electric 
conductivity as high as about 5xl0 2 Q' 1 cm" 1 . In contrast, a conductive thin film 
having a lower degree of orientation of carbon nanotube, which was formed by the 
prior art to comprise a similar composite -type compound prepared by using 
similar carbon nanotube, had a low electric conductivity as low as about 10 G^cm* 1 . 
[0108] 

As described above, the conductive thin film according to the present 
invention can have an improved fill density of carbon nanotube by orienting 
molecules of the liquid crystalline organic compound of the composite -type 
compound in a predetermined direction to causes carbon nanotube molecules 
mixed in the composite-type compound to be aligned favorably and densely. For 
this reason, the density of electronic contacts between adjacent carbon nanotube 
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molecules can be increased, which makes it possible to improve the electric 
conductivity of the conductive thin film by leaps and bounds. The use of a 
conductive thin film of such a structure makes it possible to provide an organic- 
type conductive thin film which is excellent in characteristics and adaptable to a 
low-temperature process for realizing components for use in microcircuit devices, 
high-performance electronic devices and the like or wiring materials. 
[0109] 

While the present embodiment described above utilizes a smectic 
phase, either SmA phase or SmE phase, of the 2-phenylnaphthalene derivative 
used as the liquid crystalline organic compound, the present invention can be 
practiced by using such a liquid crystalline phase as SmB phase without 
limitation to this embodiment. 
[0110] 

While the present embodiment described above uses 8-PNP-O4, 
which is a 2-phenylnaphthalene derivative, as the liquid crystalline organic 
compound, it is possible to use a smectic phase, either SmA phase or SmB phase, 
of 8-PNP-O12 or a nematic phase of 5-PNPOi without limitation to this 
embodiment. 
[0111] 

While the present embodiment described above uses a 2- 
phenylnaphthalene derivative as the liquid crystalline organic compound, any 
liquid crystalline organic compound may be used without limitation to this 
embodiment as long as the liquid crystalline organic compound has a nematic or 
smectic phase having a high degree of molecular orientational order. 
[0112] 

Further, while the present embodiment described above uses 
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metallic carbon nanotube as nanotube, it is possible to use, for example, nanotube 
admixed with semiconductive nanotube without limitation to this embodiment. 
[0113] 

(Embodiment 2) 

FIG. 2 is a sectional view schematically illustrating a part of a 
process for forming a composite-type semiconductor layer in which a conductive 
thin film according to embodiment 2 of the present invention is used as a 
semiconductor layer. 
[0114] 

The composite "type semiconductor layer 15 as the semiconductor 
layer 10 in FIG. 2 is formed in the following manner. An orientation film (not 
shown), such as a polyimide film or a monomolecular film, is formed over a surface 
of a region in which at least a channel (not shown) is to be formed so as to cover at 
least a part of each of source and drain electrodes 11 and 12 disposed opposite to 
each other on a substrate 2 and an upper surface of the substrate 2 lying in the 
space intervening between these electrodes. The orientation film is then oriented 
in a predetermined direction by such orientation means as rubbing. Thereafter, a 
composite -type compound 14 prepared by mixing semiconductive carbon nanotube 
13 and a liquid crystalline organic semiconductor compound 16 is coated to the 
substrate 2. Alternatively, the composite-type compound 14 is injected into a 
region defined between the substrate 2 including the source and drain electrodes 
11 and 12 and the gate insulator 9 extending above the liquid crystalline organic 
semiconductor compound 16. 
[0115] 

In the present embodiment, the semiconductive carbon nanotube 13 
comprises, for example, a carbon nanotube having a carrier mobility of about 1000 



38 



cmWs, a diameter of 1 to 5 run and a length of about 1 pm. Such semiconductive 
carbon nanotubes 13 are selected from mixed-type carbon nanotube comprising 
metallic carbon nanotubes and semiconductive carbon nanotubes. As in 
embodiment 1, the liquid crystalline organic compound 16 used is 8-PNP-O4, 
which is a 2-phenylnaphthalene derivative shown in FIG. 6. The compound 16 is 
used in a smectic phase, either SmA phase or SmE phase, among liquid 
crystalline phases thereof 
[0116] 

After coating of the composite -type compound 14 prepared by mixing 
the liquid crystalline organic semiconductor compound 16 in an isotropic phase 
and semiconductive carbon nanotube 13 on the substrate 2, the temperature of 
the composite-type compound 7 is lowered to hold the liquid crystalline organic 
semiconductor compound 16 in SmA or SmE phase. 
[0117] 

In the present embodiment, since the orientation film (not shown) 
formed on at least the substrate 2 is oriented in the predetermined direction by 
such orientation means as rubbing, molecules of 8-PNP-O4 as the liquid 
crystalline organic semiconductor compound 16 held in SmA or SmE phase as a 
smectic phase having an excellent degree of molecular orientational order are 
oriented favorably. Such favorable orientation of 8-PNP-O4 molecules causes 
semiconductive carbon nanotubes 13 to be aligned so densely as to improve the 
degree of molecular orientational order thereof. In this way, the composite-type 
semiconductor layer 15 is advantageously formed as the semiconductor layer 10. 
[0118] 

In the present embodiment in particular, the liquid crystalline 
organic semiconductor compound 16 comprises a compound having a charge 
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transport function. Specifically, the liquid crystalline organic semiconductor 
compound 16 comprising 8 PNP O4 in SmE phase shown in FIG. 6 has, per se, a 
carrier mobility of 10 2 cm W s with respect to electron and hole both. This value 
of carrier mobility is comparable to that of a-Si-H with respect to hole and is close 
to the maximum carrier mobility value of organic compounds except molecular 
crystals with respect to electron. In the composite -type semiconductor film 15 
thus formed, the liquid crystalline organic semiconductor compound 16 is 
favorably oriented while at the same time carbon nanotubes 13 aligned so 
favorably and densely as to improve the fill density thereof in the mixture. 
Accordingly, the density of electronic contacts between adjacent carbon nanotube 
molecules can be increased. 
[0119] 

According the result of an experiment, the composite -type 
semiconductor layer 15 as the semiconductor layer 10, which was formed by the 
above-described method using the composite-type compound 14 prepared by 
mixing the metallic carbon nanotube 13 and the liquid crystalline organic 
compound 16 and which had an improved degree of molecular orientational order 
as compared with the prior art by a simple and convenient method, had a high 
carrier mobility as high as about 350 cmWs. In contrast, a composite -type 
semiconductor layer having a lower degree of molecular orientational order, which 
was formed by the prior art using a conventional composite-type semiconductor 
material prepared by using semiconductive carbon nanotube having similar 
characteristics to the carbon nanotube 13, had a low carrier mobility as low as 
about 0.6 cm 2 /Vs. 
[0120] 

(Embodiment 3) 
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FIG.' 3 is a sectional view schematically showing the construction of 
a thin film transistor according to embodiment 3 of the present invention. 
[0121] 

As shown in FIG. 3, the thin film transistor 18a according to the 
present embodiment has source and drain electrodes 11 and 12 formed on a 
substrate 2 by patterning such an electrode material as gold. The thin film 
transistor 18a also has a composite-type semiconductor layer 15 formed as 
semiconductor layer 10 by a method to be described later, the composite -type 
semiconductor layer 15 being interposed between the source and drain electrodes 
11 and 12 and a gate insulator 9 to be described later. Over an upper surface of 
the composite-type semiconductor layer 15 is formed the gate insulator 9 
comprising silicon oxide, a polyvinylidene fluoride organic compound or the like. 
The thin film transistor 18a further has a gate electrode 17 formed of such an 
electrode material as gold on the upper side of the gate insulator 9. The source 
and drain electrodes 11 and 12, gate insulator 9 and gate electrode 17 are 
sequentially patterned by utilizing a thin film deposition technique, 
photolithography, lift-off technique and the like. In this way, the thin film 
transistor 18a of the top -gated type having the gate electrode 17 disposed on top is 
constructed as shown in FIG. 3. For convenience, such components as a cap layer 
and a sealing film for sealing the semiconductor layer 10 are not illustrated in FIG. 
3. 

[0122] 

The composite -type semiconductor layer 15 as the semiconductor 
layer 10 in FIG. 3 is formed in the following manner. An orientation film (not 
shown), such as a polyimide film or a monomolecular film, is formed over a surface 
of a region in which at least a channel (not shown) is to be formed so as to cover at 



41 



least a part of each of source and drain electrodes 11 and 12 disposed opposite to 
each other on the substrate 2 and an upper surface of the substrate 2 lying in the 
space intervening between these electrodes. The orientation film is then oriented 
in a predetermined direction by such orientation means as rubbing. Thereafter, a 
composite -type compound 14 prepared by mixing semiconductive carbon nanotube 
13 and a liquid crystalline organic semiconductor compound 16 is coated over the 
source and drain electrodes 11 and 12 and the substrate 2. With the channel (not 
shown) of the thin film transistor 18a centered between the source and drain 
electrodes 11 and 12, the gate insulator 9 is formed over the semiconductor layer 
10. The composite -type compound 14 may be injected between the substrate 2 
and the gate insulator 9. 
[0123] 

In the present embodiment, the semiconductive carbon nanotube 13 
comprised, for example, semiconductive carbon nanotube having a carrier 
mobility of about 1000 cmW s, a diameter of 1 to 5 nm and a length of about 1 pm 
which was selected from mixed carbon nanotube comprising metallic carbon 
nanotubes and semiconductive carbon nanotubes. 
[0124] 

As in embodiment 1, the liquid crystalline organic semiconductor 
compound 16 used in this embodiment is 8PNPO4, which is a molecular 
compound of a 2-phenylnaphthalene derivative having the structure shown in 
FIG. 6. The compound 16 is used in a smectic phase, either SmA phase or SmE 
phase, among liquid crystalline phases thereof. Note that the compound 8-PNP- 
O4 exhibits an isotropic phase at a temperature not lower than 129°C, SmA phase 
at a temperature between 125°C and 129°C, and SmE phase at a temperature 
between 55°C and 125°C. 
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[0125] 

In the present embodiment, the composite-type compound 14 is 
prepared by mixing the liquid crystalline organic semiconductor compound 16 in 
an isotropic phase and semiconductive carbon nanotube 13 together and coated to 
the substrate 2. By lowering the temperature of the composite -type compound 14 
thus coated, the liquid crystalline organic compound 16 is held in SmA or SmE 
phase. 
[0126] 

Among smectic phases, SmA phase or SmE phase has such a high 
degree of molecular orientational order as can be regarded as a flexible crystal. 
In the present embodiment, since the orientation film (not shown) formed on at 
least the substrate 2 is oriented in the predetermined direction by such 
orientation means as rubbing, molecules of 8-PNP-O4 used as the liquid 
crystalline organic semiconductor compound 16 in SmA or SmE phase as a 
smectic phase having an excellent degree of molecular orientational order are 
oriented favorably. Such favorable orientation of 8-PNP-O4 molecules causes 
semiconductive carbon nanotubes 13 mixed with 8-PNP-O4 to be aligned so 
densely and favorably as to improve the degree of molecular orientational order 
thereof. In the composite-type semiconductor film 15 thus formed, the liquid 
crystalline organic semiconductor compound 16 having the charge transport 
function is favorably oriented while at the same time semiconductive carbon 
nanotubes 13 aligned so favorably and densely as to improve the fill density 
thereof in the mixture. Accordingly, the density of electronic contacts between 
adjacent carbon nanotube molecules can be increased, whereby the composite- 
type semiconductor layer 15 can be used as favorable semiconductor layer 10. 
That is, the composite -type semiconductor layer 15 is advantageously formed as 
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the semiconductor layer 10. 
[0127] 

According the result of an experiment, in the thin film transistor 18a 
having the composite -type semiconductor layer 15 formed by the above -described 
method, the composite-type semiconductor layer 15 as the semiconductor layer 10, 
which comprised the composite-type compound 14 prepared by mixing the carbon 
nanotube 13 and the liquid crystalline organic semiconductor compound 16 
together and had a degree of molecular orientational order that was improved as 
compared with the prior art by a simple and convenient method, had a high 
carrier mobility as high as about 350 cm 2 /V s. In contrast, a thin film transistor 
having a composite -type semiconductor layer having a lower degree of molecular 
orientational order, which was formed by the prior art to comprise a conventional 
composite-type semiconductor material prepared by using semiconductive carbon 
nanotube having similar characteristics to the carbon nanotube 13, had a low 
carrier mobility at channel as low as about 0.6 cm 2 /Vs. 
[0128] 

According to the present embodiment, since the composite-type 
semiconductor layer 15 comprises the composite-type compound 14, it is possible 
to orient molecules of the liquid crystalline organic semiconductor compound 16 as 
well as to align semiconductive carbon nanotubes 13 mixed therewith favorably 
and densely in accordance with the orientation of the liquid crystalline organic 
semiconductor compound 16 in the composite -type semiconductor layer 15. Also, 
since the conventional orientation means can be employed as means for orienting 
the liquid crystalline organic semiconductor compound 16, the carbon nanotube 
13 can be oriented by a simple and convenient method. Such a simple and 
convenient method makes it possible to improve the fill density of carbon 
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nanotube 13 and increase the density of electronic contacts between adjacent 
carbon nanotube molecules. For this reason, it becomes possible to provide the 
thin film transistor 18a having the semiconductor layer 10 which is improved in 
carrier mobility at a low price. Further, since the semiconductor layer 10 can be 
improved in carrier mobility, the thin film transistor 18a can be used in 
microcircuit devices, high-performance electronic devices and the like. 
[0129] 

According to the present embodiment, which uses the composite -type 
semiconductor layer 15 composed of the liquid crystalline organic semiconductor 
compound 16 and the semiconductive carbon nanotube 13, the carrier mobility at 
channel of the thin film transistor 18a can be further enhanced than in cases 
where a semiconductor layer comprises a mixture of a liquid crystalline organic 
compound and carbon nanotube. Specifically, current in the composite "type 
semiconductor layer 15 passes through the liquid crystalline organic 
semiconductor compound 16 and the semiconductive carbon nanotube 13. 
Between closely positioned adjacent molecules of the carbon nanotube 13, current 
passes through molecules of the liquid crystalline organic semiconductor 
compound 16 that are present around such carbon nanotube molecules. 
Accordingly, the use of the liquid crystalline organic semiconductor compound 16 
makes it possible to provide the thin film transistor 18a which is more excellent in 
carrier mobility and on-characteristic than the use of a liquid crystalline organic 
compound. 
[0130] 

The thin film transistor according to the present embodiment of the 
invention may be either a top -gated thin film transistor having gate electrode 17 
disposed on top of the gate insulator 9 on the opposite side away from the 
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substrate 2 as shown in FIG. 3 or a bottom-gated thin film transistor having gate 
electrode 17 disposed on the substrate 2 or on the bottom as shown in FIG. 4 
showing a different structure from that shown in FIG. 3. Description will be 
made below of a bottom-gated thin film transistor according to the present 
embodiment. 
[0131] 

FIG. 4 is a sectional view schematically showing the construction of 
a bottom-gated thin film transistor having a gate electrode disposed on a 
substrate or on the bottom according to the present embodiment. 
[0132] 

As shown in FIG. 4, the bottom-gated thin film transistor 18b has 
the gate electrode 17 disposed on the upper side of the substrate 2 unlike the top- 
gated thin film transistor 18a shown in FIG. 3. The gate insulator 9 extends to 
cover the gate electrode 17 and the exposed portion of the substrate 2. 
Semiconductor layer 10 and source and drain electrodes 11 and 12 are disposed on 
the upper side of the gate insulator 9. 
[0133] 

In forming the thin film transistor 18b shown in FIG. 4, firstly, the 
gate electrode 17 is formed on the upper side of the substrate and then the gate 
insulator 9 formed to extend to cover the gate electrode 17 and the exposed portion 
of the substrate 2. Subsequently, the source and drain electrodes 11 and 12 are 
disposed opposite to each other on the upper side of the gate insulator 9. In turn, 
the composite -type compound 14 comprising a mixture of the semiconductive 
carbon nanotube 13 and the liquid crystalline organic semiconductor compound 16 
is coated to at least the upper side of the gate insulator so as to extend over the 
pair of opposite source and drain electrodes 11 and 12 or cover the space between 
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the source and drain electrodes 11 and 12. In the case where the liquid 
crystalline organic semiconductor compound 16 exhibits a smectic phase, the layer 
of the composite-type compound 14 is applied with a shear stress in a 
substantially fixed direction by means of a roll coater (not shown) or the like. In 
the composite -type semiconductor layer 15 thus treated, it becomes possible that 
molecules of the liquid crystalline organic semiconductor compound 16 are 
favorably oriented while at the same time semiconductive carbon nanotubes 13 
aligned so favorably and densely as to improve the fill density thereof in the 
mixture. Accordingly, the density of electronic contacts between adjacent carbon 
nanotube molecules can be increased. By thus forming the composite-type 
semiconductor layer 15 having a degree of molecular orientational order that is 
more improved than conventional as the semiconductor layer 10, even the bottom- 
gated thin film transistor 18b can have improved carrier mobility at channel. 
[0134] 

In the fabrication of the thin film transistor 18a or 18b according to 
the present embodiment, the material usable for the gate electrode 17 and the 
source and drain electrodes 11 and 12 may be any material which has electric 
conductivity and is unreactive to each of the substrate 2 and the semiconductor 
layer 10. Examples of such usable materials include doped silicon, precious 
metals such as gold, silver, platinum and palladium, alkali metals or alkali earth 
metals such as Uthium, cesium, calcium and magnesium, and metals such as 
copper, nickel, aluminum, titanium and molybdenum, or alloys thereof. Other 
usable materials include conductive organic compounds such as polypyrrole, 
polythiophene, polyaniline and polyphenylenevinylene. Since the thin film 
transistor 18a or 18b is operable if the gate electrode 17 has a higher electric 
resistance than other electrodes (source and drain electrodes 11 and 12), the gate 
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electrode 17 in particular may comprise a material different from that of the 
source and drain electrodes 11 and 12 for easy fabrication. A room -temperature 
process, which achieves deposition and formation at room temperature or at a 
temperature close to room temperature, can be applied to but not necessarily 
required for these electrode materials. 
[0135] 

The material usable for the aforementioned gate insulator 9 may be 
any material which has an electric insulating property and is unreactive to each of 
the substrate 2, electrodes and the semiconductor layer 10. The substrate 2 and 
the gate insulator 9 may be in a form wherein a typical silicon oxide film is formed 
on silicon so as to be used as the gate insulator, or in a form wherein a thin layer 
of resin or the like is formed after the formation of an oxide film so as to function 
as the gate insulator. The gate insulator 9 may be formed by deposition of a 
compound consisting of elements different from those forming the substrate 2 and 
the electrodes by means of CVD, vapor deposition, sputtering or the like, or by 
coating, spraying, electrodeposition or the like of a solution of such a compound. 
Since it is known that a material having a high dielectric constant is used as the 
material of gate insulator 9 in order to lower the gate voltage of the thin film 
transistor 18a or 18b, the gate electrode 9 may be formed using a compound 
having a high dielectric constant other than ferroelectric compounds and 
ferroelectrics. Besides inorganic materials, it is possible to use organic materials 
having high dielectric constants such as polyvinylidene fluoride compounds, 
polyvinylidene cyanide compounds and the like. 
[0136] 

While the embodiments 2 and 3 of the present invention each utilize 
a smectic phase, either SmA phase or SmE phase, of the 2-phenylnaphthalene 
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derivative compound used as the liquid crystalline organic semiconductor 
compound 16, the present invention may be practiced by utilizing such a liquid 
crystalline phase as SmB phase. Also, though these embodiments each use 8- 
PNP-O4, which is a 2-phenylnaphthalene derivative, as the liquid crystalline 
organic semiconductor compound 16, it is possible to utilize a smectic phase of 8- 

PNP-O12. 
[0137] 

While a 2-phenylnaphthalene derivative has been described as an 
example of the liquid crystalline organic semiconductor compound 16, any liquid 
crystalline organic semiconductor compound may be used without limitation to 
that derivative as long as the liquid crystalline organic compound 16 comprises at 
least one of a nematic liquid crystal compound and a smectic liquid crystal 
compound each having (!) 6n-electron aromatic rings, (m) 10n-electron aromatic 
rings and/or (n) 14irelectron aromatic rings (wherein 1+m+n = 1 to 4 and 1 and n 
are each an integer from 0 to 4) in the core, wherein these aromatic rings, same or 
different, are combined with each other either directly or by a binder through a 
carbon-carbon double bond or a carbon-carbon triple bond. 
[0138] 

Examples of such 6n*electron aromatic rings include benzene ring, 
pyridine ring, pyrimidine ring, pyridazine ring, pyrazine ring, and tropolone ring. 
Examples of such 10n-electron aromatic rings include naphthalene ring, azulene 
ring, benzofuran ring, indole ring, indazole ring, benzothiazole ring, benzoxazole 
ring, benzimidazole ring, quinoline ring, isoquinoline ring, quinazoline ring, and 
quinoxaline ring. Examples of such 14n-electron aromatic rings include 
phenanthrene ring, and anthracene ring. Particularly preferable is a liquid 
crystalline organic semiconductor compound having at least one of 2- 



49 



phenylnaphthalene ring, biphenyl ring, benzothiazole ring and t-thiophene ring in 
the core thereof and a rod-like molecular structure. A more preferable liquid 
crystalline organic semiconductor compound has 2-phenylnaphthalene ring in the 
core thereof and benzene ring and naphthalene ring each having an alkyl, alkoxy 
or a like group as a side chain and a rod-like molecular structure. 
[0139] 

The liquid crystalline organic compound or liquid crystalline organic 
semiconductor compound to be used in practicing the present invention may be 
any liquid crystalline organic compound or liquid crystalline organic 
semiconductor compound which has a nematic phase having a higher degree of 
molecular orientational order or the aforementioned other smectic phase. 
[0140] 

In each of embodiments 1 to 3 of the present invention, the liquid 
crystalline organic compound or liquid crystalline organic semiconductor 
compound and the nanotube material are mixed together at an adjusted mixture 
ratio. For example, the mixture ratio of carbon nanotube to the whole mixture is 
preferably 30 to 90% by volume, desirably 50 to 70% by volume. A conductive 
thin film, a semiconductor layer and a thin film transistor, each of which is formed 
using carbon nanotube at that mixture ratio, exhibit more favorable electrical 
characteristics. Also, in the fabrication process thereof, the mixture prepared at 
that mixture ratio is easy to handle. The optimum mixture ratio may be 
appropriately adjusted to the materials used, process conditions and desired 
characteristics even if the adjusted ratio is out of the aforementioned range. 
[0141] 

According to embodiments 1 to 3, a conductive thin film or 
semiconductor layer having further improved carrier mobility or electric 
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conductivity is formed from a composite -type compound prepared by mixing the 
liquid crystalline organic compound or liquid crystalline organic semiconductor 
compound with carbon nanotube, which is an inorganic material. By mixing the 
liquid crystalline organic semiconductor compound with a carbon nanotube 
material having high values of carrier mobility and electric conductivity and 
orienting molecules of these components so favorably as to be rendered composite, 
it is possible to obtain a layer having a higher carrier mobility than a layer 
comprising only the liquid crystalline organic semiconductor compound or organic 
semiconductor compound. This makes it possible to further raise the degree of 
freedom in designing the channel form or the like of a thin film transistor. 
[0142] 

Besides a flexible plastic sheet that can be bent and a thin glass 
substrate, a resin film substrate having suppleness such as a thin polyimide film 
may be used as the aforementioned substrate 2. For example, it is possible to use 
polyethylene film, polystyrene film, polyester film, polycarbonate film, polyimide 
film and a like film. Such a film can provide for a flexible paper display, sheet 
display or the like having a substrate comprising a plastic sheet or a resin film. 
[0143] 

While carbon nanotube is used as the nanotube in the foregoing 
description, there is a possibility that novel nanotube comprising carbon or other 
material will be developed in future. The use of such novel nanotube allows the 
present invention to be practiced. 
[0144] 

The thin film transistors 18a and 18b according to the present 
invention each have the semiconductor layer 10 comprising the composite -type 
semiconductor layer 15 composed of at least the liquid crystalline organic 
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semiconductor compound 16 and the carbon nanotube 13 and having an improved 
degree of orientation. Each of the on- state characteristic value and off-state 
characteristic value of such a thin film transistor is higher than an intermediate 
characteristic value between the on- or off-state characteristic value of a 
conventional thin film transistor having a semiconductor layer comprising only 
the liquid crystalline organic semiconductor compound 16 and the on- or off-state 
characteristic value of a conventional thin film transistor having a semiconductor 
layer comprising only the carbon nanotube 13. For this reason, if one of the on- 
state characteristic and the off-state characteristic is insufficient, improvement 
can be made by the present invention. For example, a thin film transistor having 
a semiconductor layer comprising only the liquid crystalline organic 
semiconductor compound having a low carrier mobility needs to have a gate width 
of about several hundred pm, while a thin film transistor having a semiconductor 
layer comprising only the semiconductive carbon nanotube having a very high 
carrier mobility needs to have a very small gate width of about 0.1 pm. Either 
case is not practical. In contrast, the carrier mobility of the composite-type 
semiconductor layer composed of the liquid crystalline organic semiconductor 
compound and the carbon nanotube and imparted with a favorable orientation 
assumes a higher value than the intermediate value between the values of carrier 
mobility of the two conventional transistors. Therefore, it is possible to make 
designing and fabrication based on a practical gate width of about several pm and 
use a long and wide channel region. For this reason, the channel dimensions can 
be designed to meet the electric conductivities in the on-state and the off-state. 
That is, the composite-type semiconductor layer of the thin film transistor 
according to the present invention can be regarded as a composite -type 
semiconductor layer wherein the advantages of respective of the liquid crystalline 
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organic semiconductor compound and the carbon nanotube are reinforced such 
that the advantage of the carbon nanotube compensates for the disadvantage of 
the liquid crystalline organic semiconductor compound while the advantage of the 
liquid crystalline organic semiconductor compound compensates for the 
disadvantage of the carbon nanotube. 
[0145] 

Next, description will be made of an application of the thin film 
transistor according to the present invention to a semiconductor device used in an 
image display device. 
[0146] 

FIG. 5 is a diagram schematically illustrating the configuration of 
one exemplary image display device using a semiconductor circuit device 
comprising a thin film transistor according to the present invention. 
[0147] 

In FIG. 5, an active -matrix image display device 19 (display) is 
constructed using plural thin film transistors (not shown) each having a 
composite -type semiconductor layer as a semiconductor layer according to 
embodiment 3 at least as switching devices associated with pixels. The image 
display device 19 thus constructed is capable of turning ON/OFF an information 
signal by means of the switching devices (not shown) each located adjacent an 
associated one of intersections 23 of plural electrodes 21 and plural electrodes 22 
arranged in a matrix pattern on a plastic substrate 20 or the like, the switching 
devices each comprising a very small thin film transistor (not shown). Thus, it 
becomes possible to construct a rewritable paper-like electronic display or sheet 
display, which is a high-definition image display device using a supple substrate. 
If driver circuits 24a and 24b and control circuit 25 (controller), which are located 
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in the periphery of the display, are formed using the aforementioned conductive 
thin film or thin film transistor (not shown), the display panel 26 and the 
aforementioned circuits can be formed integrally. For this reason, it is possible to 
construct a flexible image display device, such as a rewritable paper-like electronic 
display or a sheet display, which has a more improved mechanical reliability than 
an image display device using a conductive thin film or thin film transistor 
comprising only nanotube. 
[0148] 

A paper-like or sheet-shaped display panel as the active-matrix 
display panel can employ display panel types including the liquid crystal display 
type, organic EL type, electrochromic display type (ECD), electrolytic deposition 
type, electronic particulate material type, and coherent modulation type (MEMS), 
and the like. 
[0149] 

It is possible to form the aforementioned conductive thin film or thin 
film transistor integrally with a driver circuit, control circuit or storage circuit of 
an IC section of micro-device comprising an IC for recording information and an 
antenna for wireless communication, such as a disposable radio-frequency IC tag 
(RFID tag). By so doing, it is possible to construct a radio-frequency IC tag which, 
as a whole, is more flexible and harder to break than a conventional radio- 
frequency IC tag comprising a silicon chip. It is also possible to use a 
semiconductor circuit device incorporating the aforementioned conductive thin 
film or thin film transistor in a mobile device, disposable device, other electronic 
device or the like. 
[0150] 

(Embodiment 4) 
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Embodiments 4 and 5 of the present invention to be described below 
are embodiments realizing a conductive thin film which is further improved in 
electric conductivity and carrier mobility and which is formed so as to orient 
molecules of an organic semiconductor compound in a predetermined direction by 
such simple, convenient and less costly means as to prepare a liquid crystalline 
organic semiconductor mixture exhibiting liquid crystallinity by hydrogen- 
bonding a non-Uquid-crystalline organic semiconductor compound and a non- 
liquid-crystalline organic compound together and orient the liquid crystalline 
organic semiconductor mixture in a predetermined direction, as well as a thin film 
transistor using such a conductive thin film. 
[0151] 

FIG. 7 is a sectional view schematically illustrating a process for 
forming a conductive thin film according to embodiment 4 of the present invention. 
For the purpose of avoiding complicated description, the illustration of the process 
is partially omitted in FIG. 7. 
[0152] 

A method of forming a conductive thin film will be described with 
reference to FIG. 7. 
[0153] 

In the present embodiment, firstly, an organic semiconductor 
compound material comprising a non-liquid-crystalline pentacene derivative 
shown in FIG. 11(a) and a non-Kquid-crystalline organic compound shown in FIG. 
1Kb) are mixed together at a molar ratio of about 1-1. 
[0154] 

Here, the pentacene derivative compound shown in FIG. 11(a) is a 
compound wherein at least one carbon atom of a benzene ring located at at least a 
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terminal of pentacene as an organic semiconductor compound material is 
substituted with nitrogen (N) atom, which is electrically more negative than 
hydrogen atom. 
[0155] 

The non-Hquid-crystalline organic compound shown in FIG. 11(b) is 
a benzoic acid derivative having a carboxy group. The benzoic acid derivative 
shown in FIG. 11(b) desirably has an alkoxy group having at least about three to 
eight carbon atoms, but is not limited thereto. Though the benzoic acid 
derivative is used as the non-hqiiid-crystalline organic compound in the above 
description, it is possible to use a biphenylcarboxylic acid derivative. 
[0156] 

When the non-liquid-crystalline pentacene derivative shown in FIG. 
11(a) and the non-Hquid-crystalline benzoic acid derivative shown in FIG. 11(b) 
are mixed together, the pentacene derivative and the benzoic acid derivative are 
hydrogen-bonded to each other to give a supermolecular liquid crystalline organic 
semiconductor mixture exhibiting a smectic phase spontaneously by mere mixing. 
The "supermolecular", as used herein, is meant to represent such a structure of 
the liquid crystalline organic semiconductor mixture prepared by mixing the 
pentacene derivative and the benzoic acid derivative together as to exhibit liquid 
crystallinity, which is a new property, despite the fact that the pentacene 
derivative and the benzoic acid derivative, singly, exhibit neither molecular 
orientation nor liquid crystallinity. Though the aforementioned liquid crystalline 
organic semiconductor mixture is a mixture produced based on hydrogen bond 
having a lower bonding power than covalent bond, the liquid crystalline organic 
semiconductor mixture is a stable material which can be handled in a process at a 
temperature close to room temperature. 
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[0157] 

Subsequently, at least two electrodes 3 and 4 are disposed opposite to 
each other on a substrate 2 comprising a glass or plastic substrate or a like 
substrate, as shown in FIG. 7(a). In preparation for an intended liquid 
crystalline phase to be oriented, a polyimide film having a thickness of 100 nm is 
formed by spin coating and then baked to form an orientation film (not shown) on 
the substrate 2. Then, at least a portion of the orientation film extending 
between the electrodes 3 and 4 is subjected to an orientation treatment. As in a 
method employed in the liquid crystal display technology to orient a liquid crystal 
material injected between opposite substrates, the orientation treatment is 
rubbing of the orientation film surface with dust-free cloth in a predetermined 
direction, for example, in the direction from the electrode 3 toward the electrode 4 
(indicated by arrow). 
[0158] 

Referring to FIG. 7(b), the non-hquid-crystalline pentacene 
derivative (see FIG. 11(a)) and the non-liquidxrystalline benzoic acid derivative 
(see FIG. 11(b)) are mixed together to prepare a liquid crystalline organic 
semiconductor mixture 27 given a supermolecular structure based on hydrogen 
bond. The liquid crystalline organic semiconductor mixture 27 thus prepared is 
applied to a thickness of about 1 iun over the orientation film, which has 
undergone the orientation treatment in the step of FIG. 7(a), on the substrate 2 by 
casting. 
[0159] 

In the resulting conductive thin film 28 shown in FIG. 7(c), the 
longitudinal axes of supermolecules in the supermolecular structure of the liquid 
crystalline organic semiconductor mixture 27 exhibiting a smectic phase are 
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oriented in the predetermined direction indicated by arrow, which causes the 
longitudinal axes of molecules of the pentacene derivative to be oriented in a 
desired direction, molecules of the pentacene derivative being constituent 
molecules of the supermolecules. That is, since the thickness of the conductive 
thin film 28 is small, the longitudinal axes of pentacene derivative molecules, 
which are internal constituent molecules present in the liquid crystalline organic 
semiconductor mixture 28, are aligned in a desired fixed direction, for example, in 
the direction from the electrode 3 toward the electrode 4, relative to the molecules 
of the liquid crystalline organic semiconductor mixture 28 oriented in the fixed 
predetermined direction by the orientation treatment. Accordingly, by adjusting 
the alignment direction of the liquid crystalline organic semiconductor mixture 27 
to a predetermined direction by means of the aforementioned orientation 
treatment, it is possible to adjust alignment of the longitudinal axes of the organic 
semiconductor compound to a desired direction. In FIG. 7(c), the aforementioned 
predetermined direction and the aforementioned desired direction are 
substantially the same as the direction across the electrodes (indicated by arrow). 
Note that some combinations of compounds to be used may cause the desired 
direction to differ from the predetermined direction, which is the orientation 
treatment direction and, therefore, the predetermined direction need be selected 
so that the desired direction is obtained as intended. 
[0160] 

The conductive thin film 28 according to the present embodiment, 
wherein the longitudinal axes of pentacene derivative molecules in the liquid 
crystalline organic semiconductor mixture 27 are oriented in the desired direction, 
allows charge transfer in the direction across the electrodes to be made smoothly 
and is improved in electric conductivity and carrier mobility. The conductive thin 
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film 28, which was formed as a conductive thin film or organic semiconductor thin 
film, exhibited a carrier mobility of about 0.3 cm 2 /V, which is the same level of 
carrier mobility as conventional crystalline pentacene film formed by vapor 
deposition. 
[0161] 

FIG. 8 is a sectional view schematically showing the structure of 
another conductive thin film according to embodiment 4 of the present invention. 
[0162] 

A conductive thin film 29 shown in FIG. 8 is different from the 
conductive thin film 28 shown in FIG. 7 in that an organic compound component 
as constituent molecules that are unnecessary from at least the viewpoint of 
charge transfer is removed from the liquid crystalline organic semiconductor 
mixture 27 forming the conductive thin film 28 shown in FIG. 7(c). More 
specifically, the benzoic acid derivative component which is an organic compound 
acting to impede charge transfer is removed from the liquid crystalline organic 
semiconductor mixture 27 having a supermolecular structure based on hydrogen 
bond between the non-liquid-crystalline pentacene derivative shown in FIG. 11(a) 
and the non-hquid-ciystalline benzoic acid derivative shown in FIG. 11(b), which 
are mixed together to form the liquid crystalline organic semiconductor mixture 
27. In order to remove the benzoic acid derivative component from the liquid 

*m 

crystalline organic semiconductor mixture 27, the liquid crystalline organic 
semiconductor mixture 27 is heated to break the hydrogen bond thereby causing 

V 

the benzoic acid derivative component to dissipate. For example, by heating the 
liquid crystalline organic semiconductor mixture 27 shown in FIG. 7(c) to about 
180°C, the benzoic acid derivative shown in FIG. 11(b) as constituent molecules 
that were unnecessary from the viewpoint of charge transfer was caused to 
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sublimate and dissipate. Thus, the conductive thin film 29 having favorable 
characteristics could be formed in which only the pentacene derivative shown in 
FIG. 11(a) remained as the organic semiconductor compound oriented in the 
predetermined direction. 
[0163] 

The structure of the other conductive thin film 29 formed using the 
pentacene derivative organic semiconductor according to the present embodiment 
exhibited a further improved carrier mobility as high as about 1.0 cmWs, which 
confirmed that it was possible to form a conductive thin film having a carrier 
mobility that was more improved than the high carrier mobility of the pentacene 
organic semiconductor compound. The value of carrier mobility exhibited is 
higher than the carrier mobility (about 0.6 cmWs) of the crystal phase of a 
pentacene organic semiconductor formed by the conventional vapor deposition. It 
was also confirmed that the conductive thin film 29 could be stably formed over a 
large area of 100x100 mm on a supple substrate substantially uniformly and any 
defect did not occur even when the plastic substrate was subjected to certain 
flexing. 
[0164] 

In the above description, the method of removing the organic 
compound impeding charge transfer from the liquid crystalline organic 
semiconductor mixture 27 includes heating the liquid crystalline organic 
semiconductor mixture 27 to remove the unnecessary organic compound; however, 
there is no limitation to this method. For example, it is possible to employ 
another method including' forming a conductive thin film by using a liquid 
crystalline organic semiconductor compound that exhibits liquid crystallinity 
when mixed with a photosensitive organic compound; and allowing the 
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photosensitive organic compound to volatilize or sublimate by ultraviolet 

irradiation or heating. 

[0165] 

With the above-described structure, the conductive thin film 
according to the present invention can be stably formed to have a carrier mobility 
that is more improved than the high carrier mobility of the organic semiconductor 
compound by a simple and convenient method which includes- preparing the 
liquid crystalline organic semiconductor mixture by mixing the non-liquid- 
crystalline organic semiconductor compound and the non-hquid-crystalline 
organic compound together to allow these compounds to be hydrogen-bonded; 
coating the mixture to a predetermined region; and orienting the mixture in the 
predetermined direction thereby causing at least the organic semiconductor 
compound to be oriented in the predetermined direction. 
[0166] 

With the structure of the other conductive thin film according to the 
present invention, it is possible to further improve the carrier mobility of the 
conductive thin film than the high carrier mobility of the organic semiconductor 
compound and form the conductive thin film stably by removing at least the 
organic compound component acting to impede charge transfer from the liquid 
crystalline organic semiconductor mixture. 
[0167] 

While the present embodiment uses the pentacene derivative shown 
in FIG. 11(a) which is substituted with one nitrogen atom, it is possible to use a 
pentacene derivative in which plural carbon atoms are substituted with nitrogen 
atoms without limitation on the above-noted mixture ratio thereof. For example, 
a pentacene derivative molecule substituted with two nitrogen atoms can form a 
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double hydrogen bond to two molecules of the benzoic acid derivative shown in 
FIG. 11(b), to give a liquid crystalline organic semiconductor mixture having a 
supermolecular structure as shown in FIG. 11(d). 
[0168] 

Methods of coating of the liquid crystalline organic semiconductor 
mixture 27 which can be employed in the above-described embodiment include 
dropping, spinner coating, dip coating, such printing as screen printing, roll 
coating, ink-jet coating, spray coating, and other coating methods, in addition to 
the aforementioned casting. 
[0169] 

Methods of orienting the conductive thin film 28,29 or organic 
semiconductor thin film comprising the liquid crystalline organic semiconductor 
mixture 27 in the predetermined direction which can be employed in the above- 
described embodiment include* a method including forming the conductive thin 
film or organic semiconductor film over an orientation film having subjected to the 
orientation treatment; a method including applying the conductive thin film or 
organic semiconductor film with an electric field" and a method including applying 
the conductive thin film or organic semiconductor film with a magnetic field. 
These orientation treatment methods are applicable to all the embodiments of the 
present invention. 
[0170] 

Examples of orientation films for use in the above-described 
embodiment include inorganic-type orientation films such as a silicon oxide film or 
the like, and organic-type orientation films such as a nylon film, polyvinyl alcohol 
film, polyimide film, and monomolecular film. These orientation films are formed 
by oblique vapor deposition or rotary vapor deposition and are oriented in a fixed 
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direction by using a polymer liquid crystal or an LB film or by utilizing a magnetic 
field, spacer edge method, rubbing, or the like. Such an orientation film may be 
formed to have only the function as an orientation film or various functions as an 
insulating film, gate insulator and the like. A surface of an insulating substrate 
may be used as such an orientation film. 
[0171] 

(Embodiment 5) 

FIG. 9 is a sectional view schematically showing the construction of 
a thin film transistor according to embodiment 5 of the present invention. 
[0172] 

The thin film transistor 30 shown in FIG. 9 includes a gate electrode 
17 of a desired shape formed on an insulating substrate 2, and a semiconductor 
layer 31 forming a channel layer and formed above the gate electrode 17 with an 
intervening gate insulator 9 therebetween. Also, source electrode 11 and drain 
electrode 12 are formed between the insulating substrate 2 and the semiconductor 
layer 31 so as to connect directly to the semiconductor layer 31. Usually, a cap 
layer is stacked over the gate electrode 17, source and drain electrodes 11 and 12 
and semiconductor layer 31. Further, lead electrodes, which are not shown for 
avoiding complicated illustration, are connected to respective of the source and 
drain electrodes 11 and 12. 
[0173] 

FIG. 10 is a sectional view schematically illustrating a process for 
fabricating the thin film transistor according to the present embodiment. In FIG. 
10, some conventional parts or components required in fabricating the thin film 
transistor are omitted for avoiding complicated illustration. 
[0174] 
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In the present embodiment, firstly, an aluminum film is formed to a 
thickness of 300 nm on a surface of the insulating substrate 2 comprising a plastic 
substrate or a glass substrate. The aluminum film thus formed is patterned by 
photolithography and etching to form the gate electrode 17. 
[0175] 

Subsequently, a polyimide film having a thickness of 100 nm is 
formed to cover the gate electrode 17 and the exposed portion of the substrate 2 by 
spin coating, thus forming the gate insulator 9. 
[0176] 

Subsequently, an indium tin oxide film (ITO) as a conductive thin 
film is formed to a thickness of 300 nm on the gate insulator 9 by EB evaporation 
at a substrate temperature of 100°C and then subjected to photolithography and 
etching to form the source and drain electrodes 11 and 12. At least a portion of 
the gate insulator 9 lying between the source and drain electrodes 11 and 12 is 
subjected to an orientation treatment. Alternatively, the source and drain 
electrodes 11 and 12 may be formed on the polyimide gate insulator 9 having 
subjected to the orientation treatment. The method of orientation treatment 
employed here includes rubbing the surface of the gate insulator 9 with dust-free 
cloth in a predetermined direction, for example, in one direction across the source 
and drain electrodes 11 and 12 (indicated by arrow), like the method employed in 
embodiment 4. Such an orientation treatment allows the longitudinal axes of 
supermolecules of liquid crystalline organic semiconductor mixture 27 (to be 
described later) to be oriented and aligned in a direction parallel with the rubbing 
direction. 
[0177] 

In turn, the semiconductor layer 31 comprising an organic 
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semiconductor film is formed on the gate insulator 9 to serve as a channel layer, as 
shown in FIG. 9. The semiconductor layer 31 comprising the organic 
semiconductor film is formed in the following manner as in the formation of the 
conductive thin film of embodiment 4. 
[0178] 

In the step illustrated in FIG. 10(b), the non-liquid-crystalline 
pentacene derivative shown in FIG. 11(a) and the non-hquid-crystalline benzoic 
acid derivative shown in FIG. 11(b) are mixed together to prepare the liquid 
crystalline organic semiconductor mixture 27 given a supermolecular structure 
based on hydrogen bond as shown in FIG. 11(c). The liquid crystalline organic 
semiconductor mixture 27 thus prepared is coated to the substrate 2, which has 
undergone the orientation treatment in the step shown in FIG. 10(a), to a 
thickness of about 1 pa so as to cover at least the source and drain electrodes 11 
and 12 on the substrate 2 by casting. In the liquid crystalline organic 
semiconductor mixture 27 exhibiting a smectic phase, by orienting the 
longitudinal axes of molecules of the supermolecular structure thus formed in the 
predetermined direction (indicated by arrow), it is possible to orient the 
longitudinal axes of molecules of the pentacene derivative in a desired direction, 
the molecules of the pentacene derivative being internal constituent molecules of 
the supermolecules. That is, since the thickness of the conductive thin film 31 
comprising the liquid crystalline organic semiconductor mixture 27 is small, the 
longitudinal axes of pentacene derivative molecules, which are internal 
constituent molecules present in the liquid crystalline organic semiconductor 
mixture 27, are aligned in a desired direction that is substantially fixed, for 
example, in the direction from the source electrode 11 to the drain electrode 12 
(indicated by arrow), relative to the molecules of the liquid crystalline organic 
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semiconductor mixture 27 oriented in the predetermined fixed direction by the 
orientation treatment. In FIG. 10(b), the aforementioned predetermined 
direction and the aforementioned desired direction are substantially the same as 
the direction across the electrodes (indicated by arrow). Note that some 
combinations of compounds to be used may cause the desired direction to differ 
from the predetermined direction, which is the orientation treatment direction 
and, therefore, the predetermined direction need be selected so that the desired 
direction is obtained as intended. 
[0179] 

In the step shown in FIG. 10(c), the benzoic acid derivative 
component which is an organic compound acting to impede charge transfer is 
removed from the liquid crystalline organic semiconductor mixture 27 in which 
the non-hquid-crystalline pentacene derivative shown in FIG. 11(a) and the non- 
liquid-crystalline benzoic acid derivative shown in FIG. 11(b) are mixed together 
and hydrogen-bonded to each other. In order to remove the benzoic acid 
derivative component from the liquid crystalline organic semiconductor mixture 
27, at least the liquid crystalline organic semiconductor mixture 27 is heated to 
break the hydrogen bond thereby causing the benzoic acid derivative component 
to dissipate. In this way, the thin film transistor 30 was fabricated having the 
conductive thin film 31 which was oriented in the predetermined direction and in 

* 

which the pentacene derivative remained as the organic semiconductor compound. 
[0180] 

The thin film transistor having the semiconductor layer comprising 
the pentacene derivative organic semiconductor film, which was formed by the 
simple and convenient method according to the present embodiment, exhibited a 
high carrier mobility at channel as high as about 1.0 cmWs. That is, the present 



66 



embodiment was confirmed to be capable of forming a thin film transistor having 
a more improved carrier mobility than the high carrier mobility of the pentacene 
organic semiconductor compound. The value of carrier mobility exhibited is 
higher than the carrier mobility (about 0.6 cmWs) of a thin film transistor having 
a pentacene organic semiconductor crystal phase formed by the conventional 
vapor deposition. The present embodiment was also confirmed to be capable of 
stably forming multiple thin film transistors 30 each having a semiconductor 
layer comprising conductive thin film 31 from which the benzoic acid derivative 
component as the organic compound was removed on a flexible substrate having 
dimensions of 100x 100 mm. Further, it was confirmed that any defect was not 
likely to occur among the multiple thin film transistors even when the plastic 
substrate was subjected to certain flexing. 
[0181] 

As described above, the present embodiment makes it possible to 
orient the organic semiconductor compound in the predetermined direction by 
orienting in the predetermined direction the liquid crystalline organic 
semiconductor mixture which is prepared by mixing the non Hquid-crystalline 
organic semiconductor compound and the non-fiquid-crystalline organic 
compound together to allow these compounds to be hydrogen-bonded to each other. 
Also, the present embodiment, which forms the organic semiconductor film by 
removing the organic compound acting to impede charge transfer by simple and 
convenient means, makes it possible to provide a thin film transistor having 
favorable electrical characteristics including a more improved carrier mobility 
than a high carrier mobility inherent to the organic semiconductor compound. 
Further, the thin film transistor according to the present embodiment can be 
provided as a thin film transistor having excellent electrical characteristics and 
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hence are applicable to microcircuit devices, high-performance electronic devices 

and the like. 

[0182] 

The above -described thin film transistor according to the present 
embodiment comprises the gate insulator, the semiconductor layer disposed in 
contact with the gate insulator, the gate electrode disposed in contact with one 
side of the gate insulator on the side opposite away from the semiconductor layer, 
and the source and drain electrodes disposed in contact with at least one side of 
the semiconductor layer and aligned with the gate electrode so as to be opposed to 
each other across the gate electrode. While the thin film transistor according to 
the present invention has been described as a bottom-gated thin film transistor 
having the gate electrode on the substrate, or on the bottom, the thin film 
transistor of the present invention may be a top-gated thin film transistor having 
the gate electrode on the gate insulator on the side opposite away from the 
substrate, or on the top. 
[0183] 

In the fabrication of the thin film transistor 30 according to 
embodiment 5 of the present invention, the material usable for the gate electrode 
17 and the source and drain electrodes 11 and 12 may be any material which is 
electrically conductive and unreactive to each of the substrate 2 and the 
semiconductor layer. Examples of such usable materials include doped silicon, 
precious metals such as gold, silver, platinum and palladium, alkali metals or 
alkali earth metals such as lithium, cesium, calcium and magnesium, and metals 
such as copper, nickel, aluminum, titanium and molybdenum, or alloys thereof. 
Other usable materials include conductive organic materials such as polypyrrole, 
polythiophene, polyaniline and polyphenylenevinylene. Since the thin film 
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transistor is operable if the gate electrode has a higher electric resistance than 
other electrodes, the gate electrode in particular may comprise a material 
different from that of the source and drain electrodes. 
[0184] 

The material usable for the aforementioned gate insulator 9 may be 
any material which has an electric insulating property and is unreactive to any 
one of the substrate 2, electrodes and semiconductor layer. The substrate 2 and 
the gate insulator 9 may be in a form wherein a typical silicon oxide film is formed 
on silicon so as to be used as the gate insulator, or in a form wherein a thin layer 
of resin or the like is formed after the formation of an oxide film so as to function 
as the gate insulator. The gate insulator 9 may be formed by deposition of a 
compound consisting of elements different from those forming the substrate 2 and 
from those forming the electrodes by means of CVD, vapor deposition, sputtering 
or the like, or by coating, spraying, electrodeposition or the like of a solution of 
such a compound. Since it is known that a material having a high dielectric 
constant is used as the material of gate insulator 9 in order to lower the gate 
voltage of the thin film transistor 30, the gate insulator 9 may be formed using a 
compound having a high dielectric constant other than ferroelectric compounds 
and ferroelectrics. Besides inorganic materials, it is possible to use organic 
materials having high dielectric constants such as polyvinylidene fluoride 
compounds, polyvinylidene cyanide compounds and the like. 
[0185] 

Since the present embodiment can use the conventional low- 
temperature thin film formation technology in the formation of a thin film or a 
semiconductor layer, it is possible to use, besides a flexible plastic sheet that can 
be bent and a thin glass substrate, a resin film substrate having suppleness such 
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as a thin polyimide film as the aforementioned substrate 2. For example, it is 
possible to use polyethylene film, polystyrene film, polyester film, polycarbonate 
film, polyimide film and a like film. Such a film can provide for a flexible paper 
display, sheet display or the like having a substrate comprising a plastic sheet or a 
resin film. 
[0186] 

As described above, the thin film transistor fabrication method 
according to the present invention is capable of forming a conductive thin film 
oriented in a desired direction simply and conveniently by coating a substrate 
with the liquid crystalline organic semiconductor mixture prepared by mixing the 
non-hquid-crystalline organic semiconductor compound and the non-liquid- 
crystalline organic compound together to allow these compounds to be hydrogen- 
bonded to each other and orienting the resulting film in a predetermined direction. 
Also, since it is possible to remove the organic compound impeding at least charge 
transfer from the liquid crystalline organic semiconductor mixture by a simple 
and convenient method, a thin film transistor having a semiconductor layer 
comprising a conductive thin film having a more improved carrier mobility than 
the high carrier mobility inherent to the organic semiconductor compound can be 
fabricated inexpensively. 
[0187] 

In the description of embodiments 4 and 5, the pentacene derivative 
and the benzoic acid derivative are hydrogen-bonded to each other to give the 
liquid crystalline organic semiconductor mixture. However, the liquid crystalline 
organic semiconductor mixture may comprise any organic semiconductor 
compound and any organic compound as long as the liquid crystalline organic 
semiconductor mixture exhibits liquid crystallinity resulting from hydrogen- 
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bonding of the organic semiconductor compound and the organic compound to 
each other. Therefore, it is required that each of the organic semiconductor 
compound and the organic compound for use in the present invention have at 
least one element selected from the group consisting of nitrogen, oxygen, sulfur 
and halogen atoms which are electrically more negative than hydrogen atom for 
these compounds to be hydrogen-bonded to each other. Preferably, the organic 
semiconductor compound and the organic compound are compounds having 
respective elements that can be bonded to each other via hydrogen. Each of the 
organic semiconductor compound and the organic compound for use in the present 
invention preferably has at least one of an unsaturated bond and a benzene ring 
which can be bonded to any one selected from the aforementioned group 
consisting of nitrogen, oxygen, sulfur and halogen atoms. 
[0188] 

While the above-described embodiment uses the pentacene 
derivative as the organic semiconductor compound, it is possible to use derivatives 
of acene-type organic semiconductor compounds such as naphthacene and 
tetracene as well as pentacene, derivatives of phthalocyanine-type organic 
semiconductor compounds such as a copper phthalocyanine derivative, or 
derivatives of thiophene-type organic semiconductor compounds. 
[0189] 

Further, the above-described supermolecular structure of the liquid 
crystalline organic semiconductor mixture exhibiting liquid crystallinity which is 
prepared by mixing the non-Hquid-crystalline organic semiconductor compound 
and the non-hquid-crystalline organic compound together to allow these 
compounds to be hydrogen-bonded to each other may be either a substantially 
rod-like supermolecular structure like a nematic or smectic liquid crystal or a 
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disk-like supermolecular structure such as a discotic liquid crystal. 
[0190] 

Other features are similar to the corresponding features of 
embodiments 1 to 3. 
[0191] 

(Embodiment 6) 

Embodiments 6 and 7 of the present invention to be described below 
are embodiments realizing a conductive thin film which is further improved in 
electric conductivity and carrier mobility and which is formed by using a mixed 
composition layer comprising an organic semiconductor compound having a first 
liquid crystalline phase of a high order and an organic compound exhibiting a 
second liquid crystalline phase of a low order and causing the second liquid 
crystalline phase of the lower order to be exhibited thereby causing molecules of 
the organic semiconductor compound to be oriented in a predetermined direction, 
as well as a thin film transistor employing such a conductive thin film. 
[0192] 

FIG. 12 is a sectional view schematically illustrating a process for 
forming a conductive thin film according to embodiment 6 of the present invention. 
In FIG. 12, the process is partially omitted for avoiding complicated illustration. 
[0193] 

Hereinafter, the process for forming the conductive thin film 
according to the present embodiment will be described in detail with reference to 
FIG. 12. 
[0194] 

The organic semiconductor compound for use in the present 
embodiment is an organic semiconductor compound having a liquid crystalline 
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phase of a high order at a high temperature (i.e., a liquid crystal phase of low 
symmetry) or a liquid crystalline phase of a potentially high order. Specifically, 
use is made of a material comprising at least an organic semiconductor compound 
having the first liquid crystalline phase of a high order like a smectic liquid 
crystalline phase at a high temperature. More specifically, use is made of a 
material comprising at least a low polymer organic semiconductor compound, for 

♦ 

example, an oligothiophene derivative as shown in FIG. 16 which has a smectic 
liquid crystalline phase at a high temperature. The expression "the organic 
semiconductor compound having a liquid crystal phase of a high order at a high 
temperature", as used above, means that a crystallization temperature at which 
crystallization occurs from at least the liquid crystalline phase of a high order is 
not lower than room temperature and the liquid crystalline phase of a high order 
is exhibited at a temperature within a temperature range that is higher than the 
crystallization temperature. 
[0195] 

The oligothiophene derivative shown in FIG. 16 is an organic 
semiconductor compound comprising Dec-5T-Dec (wherein Dec represents an 
alkyl group having 10 carbon atoms) including five thiophene rings T bonded to 
each other as inverted every other ring. From the result of measurement made 
by differential scanning thermal analysis (DSC), it is known that this Dec-5T-Dec 
has a smectic liquid crystalline phase at a temperature within a high temperature 
range from 100°C to 170°C, crystallizes at a temperature not higher than 100°C, 
and turns into an isotropic liquid at a temperature not lower than 170°C. 
[0196] 

An organic compound material to be mixed with the oligothiophene 
derivative as the aforementioned organic semiconductor compound is a liquid 
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crystal compound prepared by mixing of organic compounds each exhibiting at 
least the second liquid crystalline phase like a nematic phase of a low order (i.e., a 
liquid crystalline phase of high low symmetry), for example, cyanobiphenyl-type 
compounds as shown in FIGs. 17(a) and 17(b) or cyanoterphenyl-type compounds 
as shown in FIG. 17(c) (hereinafter will be generally referred to as biphenyl-type 
compounds). 
[0197] 

In the biphenyl-type liquid crystal compounds shown in FIG. 17, R 
and Ra are each a straight- or branched-chain alkyl group having at least 3 to 8 
carbon atoms. Such biphenyl-type liquid crystal compounds form a nematic 
liquid crystal compound comprising plural components in which R and Ra are 
different. A mixed nematic liquid crystal compound prepared by mixing a liquid 
crystal compound of another type with such a nematic liquid crystal compound 
may be used. It is also possible to use a nematic liquid crystal compound not 
substituted with a cyano or fluoro group. 
[0198] 

The temperature range within which the organic compound exhibits 
a nematic liquid crystalline phase may be lower or higher than the temperature 
range within which the organic semiconductor compound exhibits a smectic phase. 
[0199] 

FIG. 13 is a conceptual diagram showing an exemplary phase 
diagram of a mixed composition comprising an organic semiconductor compound 
and an organic compound according to the present embodiment. In FIG. 13, the 
abscissa represents the weight (%) of the oligothiophene derivative and the weight 
of the biphenyl liquid crystal compound increases with decreasing weight of the 
oligothiophene derivative. The ordinate in FIG. 13 represents the phase 
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transition temperature (°C). 
[0200] 

As shown in FIG. 13, the oligothiophene derivative Decr5T-Dec as 
the organic semiconductor compound has a smectic phase (S) at a temperature 
within the range from 100°C to 170°C and turns into an isotropic liquid (I) at a 
temperature not lower than 170°C. However, as can bee seen from FIG. 13, a 
mixed composition prepared by mixing 93 wt% of the oligothiophene derivative 
Dec-5T*Dec as the organic semiconductor compound and 7 wt% of the biphenyl- 
type liquid crystal compound exhibits a nematic phase (N) within the temperature 
range from 160°C to 167°C. 
[0201] 

Based on the phase diagram shown in FIG. 13, for example, a mixed 
composition is prepared comprising a mixture of at least 93 wt% of the organic 
semiconductor compound having the first liquid crystalline phase of a high order 
at a high temperature or of a potentially high order and 7 wt% of the organic 
compound exhibiting the second liquid crystalline phase of a low order like a 
nematic phase. In this preparation, the above-described mixed composition may 
be blended with an organic solvent such as chlorobenzene for easy coating. 
[0202] 

Though the mixture ratio between the organic semiconductor 
compound and the organic compound depends upon the kinds of the two materials 
to be used or the desired electrical characteristics, the mixed composition 
preferably contains the organic semiconductor compound in a highest possible 
proportion, so that desired high characteristics can be obtained easily. The mixed 
composition desirably contains 70 to 98 wt% of the organic semiconductor 
compound, more desirably 90 to 95 wt% of the organic semiconductor compound. 
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Such a mixed composition can obtain much higher characteristics. The present 

invention is not limited to the above -noted mixture ratios. 

[0203] 

Subsequently, at least two electrodes 3 and 4 are disposed opposite to 
each other on a substrate 2 such as a glass substrate or a plastic substrate, as 
shown in FIG. 12(a). Apolyimide film is formed to a thickness of 100 nm by spin 
coating and then baked to form an orientation film (not shown) for orienting the 
second liquid crystal phase to be exhibited. Thereafter, at least a portion of the 
orientation film which extends over the electrodes 3 and 4 is subjected to an 
orientation treatment. The method of orientation treatment employed here 
includes rubbing the surface of the orientation film with dust-free cloth in a 
desired fixed direction, for example, in the direction from the electrode 3 toward 
the electrode 4 (indicated by arrow) like the method employed in the liquid crystal 
display technology to orient a liquid crystal material injected between opposite 
substrates. 
[0204] 

Subsequently, a solution of the aforementioned mixed composition is 
dropped to an orientation-treated region extending over the electrodes 3 and 4 on 
the substrate 2 from a dropping nozzle 32 by a dropping method to form a film 
having a thickness of about 1 pm, as shown in FIG. 12(b). Thereafter, at least a 
solution portion of the mixed composition is heated to dissipate the organic solvent 
from the solution of the mixed composition, thus forming a mixed composition 
layer 33. 
[0205] 

Subsequently, the mixed composition layer 33 coating at least the 
space between the electrodes 3 and 4 is left within a predetermined temperature 
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range, as shown in FIG. 12(c). The "predetermined temperature range", as used 
here, is meant by a temperature range that allows the mixed composition to 
exhibit a nematic phase as the second liquid crystalline phase of a low order 
containing the oligothiophene derivative shown in FIG. 16. The mixed 
composition layer 33 comprising the mixture of 93 wt% of the organic 
semiconductor compound and 7 wt% of the organic compound as exemplified in 
the present embodiment exhibited nematic phase 34 oriented in a desired 
direction as the second liquid crystalline phase of a low order over the electrodes 3 
and 4 within the temperature range from 160°C to 167°C in conformance with the 
phase diagram at FIG. 13. 
[0206] 

Subsequently, the nematic phase 34 exhibited in at least the space 
between the electrodes 3 and 4 and the boundaries thereof is gradually cooled and 
solidified to form the conductive thin film 35 comprising the mixed composition 
layer 33 containing 93 wt% of the organic semiconductor compound and oriented 
in the predetermined direction. As apparent from the conventional liquid crystal 
technology, it is possible to form a solid phase maintaining the composition of 
mixture and orientation of the nematic phase 34 by gradually cooling and 
solidifying the namatic phase 34. Since the film thickness of the mixed 
composition layer 33 formed is small, the skeletal chains of the oligothiophene 
derivative which is mixed with the biphenyl-type liquid crystal compound and in 
which thiophene rings are bonded to each other are aligned in the predetermined 
fixed direction, for example, in the direction from the electrode 3 toward the 
electrode 4, relative to the molecules of the biphenyl-type liquid crystal compound 
oriented in the desired fixed direction by the orientation treatment. Accordingly, 
by adjusting the alignment direction of the organic compound mixed which 
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exhibits the nematic phase to the predetermined direction by means of the 
aforementioned orientation treatment, it is possible to adjust alignment direction 
of the skeletal chains of the organic semiconductor compound to the 
predetermined direction. 

* 

[0207] 

In the above description, the predetermined direction in which the 
organic compound is oriented by the orientation treatment and the predetermined 
direction in which the skeletal chains of the organic semiconductor compound are 
aligned due to the orientation of the organic compound may be the same or 
different. That is, the indispensable feature of the present invention is that the 
organic semiconductor compound is aligned in the predetermined direction. 
[0208] 

The conductive thin film 35 formed according to the present 
embodiment exhibited a high carrier mobility as high as 10' 2 cmWs. Thus, it 
was confirmed that the characteristics of the conductive thin film in which the 
oligothiophene derivative was oriented in the substantially fixed predetermined 
direction were improved. In contrast, a conductive thin film formed using the 
same oligothiophene derivative as used in the present embodiment by vapor 
deposition exhibited is a low carrier mobility as low as 10* 3 cmWs. 
[0209] 

It was found from the above-described results that the conductive 
thin film was further improved in carrier mobility and electric conductivity which 
was formed by the process including- using the mixed composition layer 
comprising a mixture of the organic semiconductor compound having the first 
liquid crystalline phase of a high order at a high temperature and the organic 
compound exhibiting the second liquid crystalline phase of a low order; leaving the 
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mixed composition layer within the predetermined temperature range to allow 
the mixed composition layer to exhibit the second liquid crystalline phase of a low 
order amtaining the organic semiconductor compound between the electrodes 
formed on the substrate; and causing the second liquid crystalline phase to be 
oriented in the predetermined direction, thereby also orienting the molecules of 
the organic semiconductor compound in the predetermined direction. 
[0210] 

Preferably, the first liquid crystalline phase is a smectic phase and 
the second liquid crystalline phase is a nematic phase. By combining controls 
over these liquid crystalline phases, the conductive thin film can be formed easily. 
The organic semiconductor compound comprises such a low polymer organic 
semiconductor compound as the oligothiophene derivative. By orienting the low 
polymer organic semiconductor compound substantially uniformly, the conductive 
thin film containing the low polymer organic semiconductor compound can be 
improved in such electrical characteristics as carrier mobility and electric 
conductivity. 
[0211] 

In the foregoing description, the ohgothiophene derivative as the 
organic semiconductor compound is a derivative comprising plural thiophene 
rings bonded to each other. Since such an ohgothiophene derivative comprising 
at least 4 to 6 thiophene rings bonded to each other has a smectic phase under a 
high temperature condition, the present invention can use such ohgothiophene 
derivatives. 
[0212] 

(Embodiment 7) 

FIG. 14 is a sectional view schematically showing the construction of 
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a thin film transistor according to embodiment 7 of the present invention. 
[0213] 

The thin film transistor 37 shown in FIG. 14 includes a gate 
electrode 17 of a desired shape formed on an insulating substrate 2, and a 
semiconductor layer 36 forming a channel layer and formed above the gate 
electrode 17 with an intervening gate insulator 9 therebetween. Also, source 
electrode 11 and drain electrode 12 are formed between the insulating substrate 2 
and the semiconductor layer 36 so as to connect directly to the semiconductor 
layer 36. Usually, a cap layer is stacked over the gate electrode 17, source and 
drain electrodes 11 and 12 and semiconductor layer 36. Further, lead electrodes, 
which are not shown for avoiding complicated illustration, are connected to 
respective of the source and drain electrodes 11 and 12. 
[0214] 

FIG. 15 is a sectional view schematically illustrating a process for 
fabricating the thin film transistor according to embodiment 7 of the present 
invention. In FIG. 15, some conventional parts or components required in 
fabricating the thin film transistor are omitted for avoiding complicated 
illustration. 
[0215] 

Firstly, as shown in FIG. 15(a), an aluminum film is formed to a 
thickness of 300 nm on a surface of the insulating substrate 2 comprising a plastic 
substrate or a glass substrate, followed by photolithography and etching to form 
the gate electrode 17. Subsequently, a polyimide film having a thickness of 100 
nm is formed to cover the gate electrode 17 and the exposed portion of the 
substrate 2 by spin coating, to form the gate insulator 9. 
[0216] 
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Subsequently, an indium tin oxide film (ITO) as a conductive thin 
film is formed to a thickness of 300 nm on the upper side of the gate insulator 9 by 
EB evaporation at a substrate temperature of 100°C. The indium tin oxide film 
is then subjected to photolithography and etching to form the source and drain 
electrodes 11 and 12. Thereafter, at least a portion of the gate insulator 9 lying 
between the source and drain electrodes 11 and 12 is subjected to an orientation 
treatment. The method of orientation treatment employed here includes rubbing 
the surface of the gate insulator 9 with dust-free cloth in a predetermined 
direction, like the method employed in embodiment 6. Such an orientation 
treatment allows a liquid crystalline organic compound contained in a mixed 
composition layer, which is to be described later, to be oriented in a direction 
parallel with the rubbing direction. While the surface of the gate insulator 9 is 
subjected to the orientation treatment after the formation of the source and drain 
electrodes 11 and 12 according to the above-described embodiment, there is no 
limitation to this embodiment. For example, it is possible to form the source and 
drain electrodes 11 and 12 on the upper side of the polyimide gate insulator 9 
having undergone the orientation treatment. 
[0217] 

In turn, the semiconductor layer 36 comprising an organic 
semiconductor film is formed on the upper side of the gate insulator 9 to serve as a 
channel layer, as shown in FIG. 14. The semiconductor layer 36 is formed in the 
following manner as in the formation of the conductive thin film of embodiment 6. 
[0218] 

As in embodiment 6, firstly, a material is provided comprising at 
least such a low polymer organic semiconductor compound as the oligothiophene 
derivative having a smectic phase as a liquid crystalline phase of a high order at a 
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high temperature, for example, Dec-5T-Dec shown in FIG. 16. Here, it is possible 
to use a material comprising at least 4 to 6 thiophene rings bonded to each other 
as the thiophene derivative. 
[0219] 

Also provided is an organic compound which exhibits the second 
liquid crystalline phase like a nematic phase of a low order (i.e., a liquid 
crystalline phase of low symmetry), for example, a biphenyl-type compound shown 
in FIG. 17(a). Thereafter, a mixed composition is prepared by mixing at least 93 
wt% of the oligothiophene derivative Dec _ 5TDec as the organic semiconductor 
compound and 7 wt% of the biphenyl-type liquid crystal compound as the organic 
compound together. The mixed composition is then blended with an organic 
solvent such as chlorobenzene for easy coating. 
[0220] 

Subsequently, a solution of the aforementioned mixed composition 
thus prepared is coated to the exposed portion of the polyimide gate insulator 9 
having a surface orientation-treated by rubbing in the predetermined direction 
and to the upper side of the source and drain electrodes 11 and 12 by a dropping 
method to form a film having a thickness of about 1 iim, as shown in FIG. 15(b). 
Thereafter, at least a solution portion of the mixed composition is heated to 
dissipate the organic solvent from the solution of the mixed composition, thus 
forming a mixed composition layer 38 containing 93 wt% of the ohgothiophene 
derivative as the organic semiconductor compound. 
[0221] 

Though the mixture ratio between the organic semiconductor 
compound and the organic compound depends upon the kinds of the two materials 
to be used or the desired electrical characteristics, the mixed composition layer 
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preferably contains the organic semiconductor compound in a highest possible 
proportion, so that desired high characteristics can be obtained easily. The mixed 
composition layer 38 desirably contains 70 to 98 wt% of the organic semiconductor 
compound, more desirably 90 to 95 wt% of the organic semiconductor compound. 
Such a mixed composition layer can obtain more favorable characteristics. The 
mixture ratio of the organic semiconductor compound in the mixed composition 
layer 38 is not limited to the above-noted mixture ratios but may be appropriately 
adjusted to the kind of the organic semiconductor compound or the required 
electrical characteristics. 
[0222] 

Subsequently, as shown in PIG. 15(c), the mixed composition layer 
38 coating at least the space between the source and drain electrodes 11 and 12 is 
left within a predetermined temperature range that allows the mixed composition 
to exhibit a nematic phase as the second liquid crystalline phase of a low order 
containing the oligothiophene derivative shown in FIG. 16. By so doing, the 
mixed composition 38 comprising the mixture of the organic semiconductor 
compound Dec-5T-Dec (93 wt%) and the organic compound (7 wt%) exhibits 
nematic phase 39 within the temperature range from 160°C to 167°C in 
conformance with the phase diagram at FIG. 13. 
[0223] 

Subsequently, as shown in FIG. 15(d), the nematic phase 39 
exhibited in at least the space between the source and drain electrodes 11 and 12 
and the boundaries thereof is gradually cooled and solidified to form the 
semiconductor layer 36 as an organic semiconductor layer comprising the mixed 
composition layer 38 containing 93 wt% of the organic semiconductor compound 
and oriented in the predetermined direction. Thus, the semiconductor layer 36 of 



83 



the thin film transistor 37 shown in FIG. 14 is completed. In the semiconductor 
layer 36 of the thin film transistor 37, molecules of the ohgothiophene derivative 
as the organic semiconductor compound mixed with the biphenyl-type compound, 
specifically, the skeletal chains of the ohgothiophene derivative in which 
thiophene rings are bonded to each other, are aligned in the substantially fixed 
predetermined direction (for example, in the direction from the source electrode 11 
toward the drain electrode 12) relative to the biphenyl-type liquid crystal 
compound oriented in the desired fixed direction by the orientation treatment. 
[0224] 

The thin film transistor 37 having the semiconductor layer 36 as the 
organic semiconductor layer formed according to the present embodiment 
exhibited a high carrier mobility at channel as high as 10 2 cmW s. Thus, it was 
confirmed from this result that the semiconductor layer 36 containing the 
ohgothiophene derivative oriented in the substantially fixed predetermined 
direction was improved in electrical characteristics. In contrast, a thin film 
transistor having a semiconductor layer formed using the same ohgothiophene 
derivative as used in the present embodiment by mere vapor deposition exhibited 
a low carrier mobility as low as 10" 3 cm 2 /Vs. 
[0225] 

According to the present embodiment having been described above, 
the mixed composition layer is formed by coating the space between the source 
and drain electrodes formed on the substrate with the mixed composition 
comprising a mixture of the organic semiconductor compound having the first 
liquid crystalline phase of a high order at a high temperature and the organic 
compound exhibiting the second liquid crystalline phase of a low order and then 
left within the predetermined temperature range that allows the mixed 
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composition layer to exhibit the second liquid crystalline phase of a low order 
containing the organic semiconductor compound. Thereafter, the mixed 
composition layer lying between the source and drain electrodes is allowed to 
exhibit the second liquid crystalline phase, which is then oriented in the desired 
direction. By so doing, the molecules of the organic semiconductor compound also 
are oriented in the predetermined direction. In this way, the conductive thin film 
is formed which is enhanced in charge transport performance by favorably 
orienting the molecules of the organic semiconductor compound. By utilizing this 
conductive thin film as a semiconductor layer, the thin film transistor having 
further improved carrier mobility at channel is fabricated. 
[0226] 

Preferably, the first liquid crystalline phase is a smectic phase and 
the second liquid crystalline phase is a nematic phase. By combining controls 
over these liquid crystalline phases, the semiconductor layer can be formed easily. 
[0227] 

The organic semiconductor compound comprises a low polymer of an 
organic semiconductor compound such as the oligothiophene derivative. If a 
conductive thin film is formed in which such a low polymer of the organic 
semiconductor compound is oriented substantially uniformly, use of such a 
conductive thin film as the semiconductor layer in a thin film transistor will make 
it possible to improve the thin film transistor in such electrical characteristics as 
carrier mobility at channel. 
[0228] 

The above-described temperature at which the organic compound 
exhibits a nematic liquid crystalline phase may be lower or higher than the 
temperature at which the organic semiconductor compound exhibits a smectic 
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phase. 
[0229] 

The above-described ohgothiophene derivative used as the organic 
semiconductor compound may be any ohgothiophene derivative which exhibits a 
smectic phase with no limitation on the number of thiophene rings or the length of 
the alkyl group. 
[0230] 

While the above-described embodiment uses the ohgothiophene 
derivative as the organic semiconductor compound, the present invention is not 
limited to this embodiment but can be practiced similarly with use of any one of 
materials which are each capable of exhibiting a smectic phase, including 
derivatives of such low polymer organic semiconductor compounds as pentacene, 
tetracene, phenylene derivative, phthalocyanine compound, cyanine dye, and the 
like. 
[0231] 

While the above-described embodiment uses a cyanobiphenyl- or 
cyanoterphenyl-type nematic liquid crystal compound as the organic compound, it 
is possible to use nematic liquid crystal compounds each having a substantially 
rod-like molecular structure such as phenylcyclohexane (PCH)-type, phenyl ester- 
type, phenylpyrimidine-type, phenyldioxane-type, and tolan-type nematic liquid 
crystal compounds, nematic liquid crystal compounds of other types, and mixed 
nematic liquid crystal compounds each comprising a mixture thereof. Though 
the above -described embodiment uses a nematic liquid crystal compound as the 
organic compound, the present invention is not limited to this embodiment but 
may use a lyotropic liquid crystal. 
[0232] 
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In cases where a cyanobiphenyl- or cyanoterphenyl-type nematic 
liquid crystal compound having a high-polarity group, such as a cyano or fluoro 
group or other group, at terminal is used as the organic compound, the organic 
semiconductor compound may be oriented by utilizing an electric field generated 
by application of voltage across the source and drain electrodes instead of the 
above-described orientation film having undergone the orientation treatment. 
[0233] 

The above-described mixed composition can serve the purpose as 
long as the mixed composition comprises at least the aforementioned organic 
semiconductor compound and the aforementioned organic compound. The mixed 
composition may contain other materials such as a charge polarity imparting 
agent. 
[0234] 

The kind of the organic solvent described above may be 
appropriately selected depending upon the kind of the organic semiconductor 
compound selected. For example, it is possible to use an aromatic solvent such as 
chloroform, 1,2,4-trichlorobenzene or the like, as well as chlorobenzene mentioned 
above. It is also possible to use such an organic solvent as tetrahydrofuran, 
diethyl glycol, diethyl ether or the like. 
[0235] 

Methods of coating of the above -described mixed composition include 
casting, spinner coating, dip coating, such printing as screen printing, roll coating, 
ink-jet coating, spray coating, and a like method, in addition to the 
aforementioned dropping. 
[0236] 

Methods of orienting the above-described liquid crystalline phase in 
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any predetermined direction include- a method including applying the organic 
semiconductor film with an electric field; a method including applying the organic 
semiconductor film with a magnetic field; and a like method, in addition to the 
above-described method including forming the organic semiconductor film on the 
orientation film having undergone the orientation treatment. 
[0237] 

Examples of orientation films for use in the above-described 
embodiment include inorganic-type orientation films such as a silicon oxide film 
and the like, and organic-type orientation films such as a nylon film, polyvinyl 
alcohol film, polyimide film, monomolecular film, and the like. These orientation 
films can be formed by oblique vapor deposition or rotary vapor deposition and 
oriented by using a polymer liquid crystal or an LB film or by utilizing a magnetic 
field, spacer edge method, rubbing, or the like. Such an orientation film may be 
formed to have only the function as an orientation film or various functions as an 
insulating film, gate insulator and the like. It is possible to use a surface of an 
insulating substrate as an orientation film. 
[0238] 

While the above-described embodiment utilizes the organic 
semiconductor layer formed from the mixed composition comprising the organic 
semiconductor compound and the liquid crystalline organic compound as the 
semiconductor layer of the thin film transistor, the present invention is not limited 
to this embodiment but may utilize a composite-type semiconductor layer formed 
from a mixed composition comprising a composite -type semiconductor material 
composed of an organic semiconductor rompound and semiconductive carbon 
nanotube, and a liquid crystalline organic compound. 
[0239] 
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The above-described thin film transistor according to the present 
embodiment comprises the gate insulator, the semiconductor layer disposed in 
contact with the gate insulator, the gate electrode disposed in contact with one 
side of the gate insulator on the side opposite away from the semiconductor layer, 
and the source and drain electrodes disposed in contact with at least one side of 
the semiconductor layer and aligned with the gate electrode so as to be opposed to 
each other across the gate electrode. While the thin film transistor according to 
the present invention has been described as a bottom-gated thin film transistor 
having the gate electrode on the substrate, or on the bottom, the thin film 
transistor of the present invention may be a top- gated thin film transistor having 
the gate electrode on the gate insulator on the side opposite away from the 
substrate, or on the top. 
[0240] 

In the fabrication of the thin film transistor 37 according to 
embodiment 7 of the present invention, the material usable for the gate electrode 
17 and the source and drain electrodes 11 and 12 may be any material which is 
electrically conductive and unreactive to any one of the substrate 2 and the 
semiconductor layer 36. Examples of such usable materials include doped silicon, 
precious metals such as gold, silver, platinum and palladium, alkali metals or 
alkali earth metals such as lithium, cesium, calcium and magnesium, and metals 
such as copper, nickel, aluminum, titanium and molybdenum, or alloys thereof 
Other usable materials include conductive organic materials such as polypyrrole, 
polythiophene, polyaniline and polyphenylenevinylene. Since the thin film 
transistor is operable if the gate electrode has a higher electric resistance than 
other electrodes, the gate electrode in particular may comprise a material 
different from that of the source and drain electrodes. 
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[0241] 

The material usable for the aforementioned gate insulator 9 may be 
any material which has an electric insulating property and is unreactive to any 
one of the substrate 2, electrodes and semiconductor layer 36. The substrate 2 
and the gate insulator 9 may be in a form wherein a typical silicon oxide film is 
formed on silicon so as to be used as the gate insulator, or in a form wherein a thin 
layer of resin or the like is formed after the formation of an oxide film so as to 
function as the gate insulator. The gate insulator 9 may be formed by deposition 
of a compound consisting of elements different from those forming the substrate 2 
and from those forming the electrodes by means of CVD, vapor deposition, 
sputtering or the like, or by coating, spraying, electrodeposition or the like of a 
solution of such a compound. Since it is known that a material having a high 
dielectric constant is used as the material for the gate insulator 9 in order to lower 
the gate voltage of the thin film transistor 37, the gate insulator 9 may be formed 
using a compound having a high dielectric constant other than ferroelectric 
compounds and ferroelectrics. Besides inorganic materials, it is possible to use 
organic materials having high dielectric constants such as polyvinylidene fluoride 
compounds, polyvinylidene cyanide compounds and the like. 
[0242] 

Since the present embodiment can use the conventional low- 
temperature thin film formation technology in the formation of a thin film or a 
semiconductor layer, it is possible to use, besides a flexible plastic sheet that can 
be bent and a thin glass substrate, a resin film substrate having suppleness such 
as a thin polyimide film as the aforementioned substrate 2. For example, it is 
possible to use polyethylene film, polystyrene film, polyester film, polycarbonate 
film, polyimide film and a like film. Such a film also can provide for a flexible 
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paper display, sheet display or the like having a substrate comprising a plastic 
sheet or a resin film. 

Industrial Applicability 
[0243] 

The conductive thin film, thin film transistor and method of 
fabricating them according to the present invention are useful as conductive thin 
film, thin film transistor and method of fabricating them in realizing 
microm i niat urize d and higher-performance semiconductor circuits and display 
devices. Also, the conductive thin film, thin film transistor and method of 
fabricating them are useful as conductive thin film, thin film transistor and 
method of fabricating them in realizing paper-like or sheet-shaped image display 
devices, mobile devices using small-sized and high-performance semiconductor 
circuit devices, disposable devices such as a wireless IC tag, or other electronic 
devices, robots, microminiaturized medical instruments, or the like. Further, the 
conductive thin film, thin film transistor and method of fabricating them are 
useful as conductive thin film, thin film transistor and method of fabricating them 
in fabricating such a semiconductor circuit device, display device or the like 
inexpensively. 



